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TWENTY-FOURTH  ANNUAL  REPORT 


TO  THE  EIGHT  HONOURABLE 

JOHN    SINCLAIR,    M.  P., 

nu  Majesty's  Secretofry  for  ScaUcmd. 


Office  of  The  Fishery  Board 

FOR  Scotland, 
Edinbvroh,  30^^  Augttst  1906. 

Sir, 

In  continuation  of  our  Twenty-fourth  Annual  Eeport, 
we  have  the  honour  to  submit — 

PAKT  III.— SCIENTIFIC  INVESTIGATIONS. 


GENERAL  STATEMENT. 

This,  the  third  part  of  the  Twenty-fourth  Annual  Report,  deals 
with  the  scientific  investigations  conducted  by  the  Board  in  1905, 
80  f ar  as  they  have  been  completed,  by  means  of  the  Parliamentary 
Vote  granted  for  the  purpose. 

The  scientific  work  has,  as  usual,  been  carried  out  under  the 
supervision  of  Dr.  T.  Wemyss  Fulton,  the  Scientific  Superintendent 
under  the  Board,  the  researches  having  been  for  the  most  part 
undertaken  at  the  Marine  Laboratory  at  Aberdeen,  in  the  Moray 
Firth,  and  the  Firth  of  Clyde.  The  sea-fish  hatchery,  which  is 
also  situated  at  Aberdeen,  was  reconstructed  during  the  year  in 
connection  with  the  formation  of  a  new  road  at  the  Bay  of  Nigg 
by  the  Town  Council  of  Aberdeen  and  at  their  expense,  as  described 
below,  where  a  statement  of  the  hatching  operations  will  also  be 
found. 

In  the  Firth  of  Clyde,  and  more  particularly  in  Lochhiie,  an 
investigation  into  the  natural  history  and  migrations  of  the  herring 
was  continued,  with  the  view  of  ascertaining  if  possible  the  cause 
of  the  decline  in  the  yield  of  the  herring  fishery  there  in  riKjent 
years,  and  whether  any  regulations  afifectmg  the  time  or  methods 
of  fishing  would  be  likely  to  be  beneficial  to  the  fishery  as  a  whole. 
As  stated  in  the  first  part  of  this  Report,  the  catch  last  year  was 
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one  of  the  poorest  on  record,  the  shortage  on  the  previous  year's 
catch,  which  was  much  below  the  average,  amounting  to  8160 
crans  in  quantity  and  £6243  in  value.  The  work  has  been  done 
as  far  as  was  possible  by  the  use  of  fishing  boats  and  the  hire  of  a 
small  yacht  for  monthly  observations  within  the  loch  itself,  and 
this  had  to  be  interrupted  during  the  winter. 

The  investigations  into  the  condition  of  the  fishing-grounds  in 
the  Moray  Firth  were  made  as  far  as  possible  by  tiie  use  of 
commercial  trawlers,  without  expense,  as  referred  to  more  fully 
below,  and  tlie  observations  on  the  growth,  reproduction,  and  distri- 
bution of  the  edible  fishes  continued  as  in  the  last  few  years,  as 
well  as  those  on  the  destruction  and  capture  of  immature  and 
undersized  fishes.  Owing  to  the  unfortunate  stranding  of  one  of 
these  vessels  in  Aberdeen  Bay  last  December,  while  engaged  in 
procuring  plaice  for  the  hatchery-ponds,  and  the  loss  of  life 
occasioned  thereby,  the  Board  have  thought  it  right  to  refrain  from 
making  use  of  such  vessels  for  inshore  work  in  future. 

As  mentioned  later,  the  Board  has  been  pleased  with  the  favour- 
able response  of  seaboard  County  Councils  to  their  invitation 
to  send  fishermen  to  the  Marine  Laboratory  and  Hatchery  at 
Aberdeen  for  a  week's  instniction,  each  spring,  in  the  life-history 
of  fishes,  and  they  hope  that  the  facilities  offered  may  be  still 
further  taken  advantage  of. 

Traavling  Investigations. 

During  th(»  last  few  years,  since  the  Garland  was  disposed  of, 
the  fishing  grounds  in  certain  parts  of  the  territorial  waters, 
especially  in  the  Moray  Firth  and  Aberdeen  Bay,  have  been 
examined  from  time  to  time  by  means  of  commercial  steam- 
trawlers,  whose  services  were  obtained  without  expense,  partly 
with  the  view  of  ascertaining  their  condition  and  partly  for  the 
purpose  of  scientific  research  on  the  reproduction,  growth,  and 
distribution  of  fishes,  and  the  capture  of  immature  or  undersized 
fish.  A  number  of  papers  embodying  the  results  of  this  work  have 
already  been  published  in  previous  Annual  Reports.  In  the  present 
Report  there  are  two  containing  further  observations  by  Dr. 
Fulton,  one  on  the  growth  of  fishes,  referred  to  later,  and  the 
other  furnishing  an  account  of  the  trawling  experiments  last  year, 
with  detailed  tables  of  the  fish  captured  and  the  proportions  which 
were  unmarketable. 

The  more  important  areas  in  the  Moray  Firth  were  visited  in 
February,  September,  October,  and  November,  and  the  grounds  in 
Aberdeen  Bay  were  also  examined  in  March.  The  aggregate 
quantity  of  fish  brought  to  the  market  in  the  various  trips  was 
.•)88i  cwts.,  and  the  total  number  of  fishes  caught  in  the  recorded 
hauls  was  71,982,  of  which  41,444,  or  over  59  per  cent.,  were 
unmarketable. 

On  most  of  the  occasions  marketable  fish  were  by  no  means 
plentiful,  and  the  voyages  were  not  very  profitable  financially. 
This  was  particularly  noteworthy  in  the  Moray  Firth  in  the 
autumn  months,  at  which  time  the  vessels  working  on  the  offiihore 
grounds  in  the  North  Sea  were  much  more  successful.     Haddocks 
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of  marketable  size  were  exceedingly  scarce,  the  total  catch  of  these 
being  under  twenty  boxes  for  all  the  trips  together,  and  more  than 
half  of  them  were  obtained  in  February;  in  September  they 
totalled  five  boxes,  and  in  November  a  box  and  a  half. 

On  the  other  hand,  immense  shoals  of  young  haddocks,  under 
two  years  of  age,  were  present  in  the  bays  in  autumn,  from  which 
they  were  absent  in  the  spring,  and  by  far  the  greater  part  of  those 
taken  were  thrown  overboard  as  unmarketable. 

Some  of  the  hauls  may  be  referred  to  as  showing  the  enormous 
destructive  power  possessed  by  the  modem  otter-trawl  when 
employed  in  shallow  bays  at  certain  seasons.  In  six  hauls  in  the 
Dornoch  Firth  at  the  end  of  September,  the  duration  of  the  actual 
fishing  being  23|  hours,  25,563  fishes  were  caught,  and  of  these, 
18,809,  or  73^  per  cent.,  were  thrown  overboard  as  unmarketable. 
The  number  of  haddocks  taken  in  these  six  hauls  was  large,  viz., 
10,361,  but  only  394  of  them  were  large  enough  to  be  marketable, 
96  per  cent,  of  the  catch  being  returned  to  the  sea.  The  prevalence 
of  the  small  haddocks  on  the  ground  in  autumn,  and  their  scarcity 
in  spring,  may  be  shown  in  another  way.  While  in  February  it 
took  ten  hours'  trawling  to  catch  one  unmarketable  haddock  and 
two  marketable,  the  number  of  the  former  taken  in  the  same  time 
in  September  was  4196  and  of  the  latter  166.  The  capture  of 
small  unmarketable  plaice  was  also  very  considerable  on  this 
ground  in  autumn,  54  per  cent,  of  the  13,610  plaice  caught  in  the 
six  hauls  being  rejected  on  account  of  their  small  size. 

All  the  young  haddocks  and  a  large  proportion  of  the  young 
plaice  caught  in  this  way  perish,  although  under  favourable 
conditions  many  of  the  latter  may  be  preserved. 

It  was  shown  formerly  by  similar  investigations  on  board 
commercial  trawlers  fishing  on  the  deeper  grounds  in  the  North 
Sea  that  the  percentage  of  small  tish  taken  there  was  less  than  in 
the  waters  near  shore.  In  the  Moray  Firth  in  February  the 
proportion  of  the  unmarketable  was  19  per  cent.,  and  in  autumn  it 
was  67  per  cent. 

Observations  were  also  made  on  the  maturity  and  growth  of  the 
fishes  caught,  and  a  nimoiber  of  experiments  were  carried  on  with 
small-meshed  nets. 

The  Hatching  and  Rearing  op  Plaice. 

Owing  to  the  formation  of  a  new  road  at  the  Bay  of  Nigg  last 
year,  the  Town  Council  of  Aberdeen,  from  whom  the  site  of  the 
hatchery  is  leased,  desired  that  that  building  and  some  others 
might  be  transferred  to  an  adjoining  part  of  the  ground  and 
re-erected  at  their  expense.  To  this  proposal  the  Board  agreed, 
and  the  hatchery,  the  boiler  and  pump-house,  and  the  storehouse 
were  accordingly  taken  down  and  rebuilt  on  the  new  site. 

The  change  involved  considerable  re-arrangement  of  the  pipes, 
&c,  and  the  opportunity  was  made  use  of  to  efifect  some  improve- 
ments which  experience  had  shown  to  be  desirable.  The  Town 
Council  gave  all  reasonable  facilities  for  the  alterations  and 
improvements  being  carried  out,  so  that  the  hatchery  is  now  better 
adapted  for  the  work  than  it  was  before.    The  building  itself  is 
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now  somewhat  enlarged ;  a  concrete  floor  replaces  the  old  wooden 
one ;  a  strong  wall  has  been  built  along  the  seaward  face  of  the 
site,  and  granite  retaining  walls  around  the  gravitation  tank.  In 
the  present  Report  a  brief  description  is  given  of  the  hatchery  as 
rearranged,  with  illustrations  showing  the  interior  and  exterior,  the 
pumping  plant,  and  the  large  spawning-pond  in  which  the  breeding 
fishes  are  kept  and  where  the  eggs  are  shed  at  the  spawning 
season. 

During  last  year  the  eggs  of  the  plaice  were  first  discovered  in 
the  pond  on  20th  January,  about  the  usual  date  when  they  make 
their  appearance.  Collections  of  eggs  were  thereafter  obtained 
almost  daily.  The  numbers  gradually  increased  imtil  the  middle 
of  March,  after  which  they  declined  imtil  16th  May,  when  the  last 
collection  was  made.  The  duration  of  the  spawning  in  the  pond 
was  thus  about  117  days,  which  may  be  regarded  as  approximately 
the  period  in  the  sea.  The  aggregate  number  of  eggs  collected  in 
the  season  was  estimated  at  40,110,000,  of  which  48  per  cent,  were 
spawned  in  March,  23  per  cent,  in  February,  and  the  same  pro- 
portion in  April. 

The  duration  of  the  period  of  embryonic  development,  until  the 
eggs  hatch,  varies  with  the  temperature  of  the  water.  The  average 
at  the  beginning  of  the  season,  when  the  temperature  is  low,  is 
about  three  weeks ;  towards  the  end  of  the  season,  with  the 
temperature  some  degrees  higher,  hatching  takes  place  in  about  a 
fortnight.  The  larval  fishes,  on  issuing  from  the  eggs,  are  retained 
in  the  apparatus  for  several  days  until  the  yolk-sac  is  partly 
absorbed,  and  it  is  calculated  that  the  eggs  and  larvae  are  protected 
in  this  way  for  about  half  of  the  time  from  the  spawning  of  the 
eggs  until  the  young  plaice  undergo  their  metamorphosis  and 
assume  the  form  and  habit  of  the  adult. 

The  estimated  number  of  fry  which  hatched  out  and  were  placed 
in  the  sea  was  24,500,000.  Most  of  them  were  distributed  oflf 
Aberdeen,  but  one  lot  of  about  three  and  a  half  millions  was  taken  to 
St.  Combs,  further  up  the  coast,  at  the  request  of  the  fishermen, 
and  there  distributed. 

Since  the  establishment  of  the  hatchery  the  total  number  of  the 
fry  of  plaice  which  have  been  set  free  in  the  sea  amounts  to 
387,750,000,  the  number  of  fry  of  other  fishes,  as  turbot,  lemon 
dabs,  and  cod,  being  close  upon  17,000,000. 

Owing  to  the  circumstance  that  the  hatchery  is  worked  in  con- 
junction with  the  Marine  Laboratory,  the  expense  of  the  hatching 
operations  is  comparatively  small,  the  annual  expenditure  being 
estimated  at  rather  under  than  over  £100,  which  meets  the  cost  of 
extra  coal  and  an  additional  assistant  at  the  height  of  the  season. 

Scientific  and  Technical  Instruction  to  Fishermen. 

For  some  years  past,  as  mentioned  in  previous  Reports,  by  an 
arrangement  with  the  Technical  Education  Committee  of  the 
County  Council  of  Aberdeenshire,  representative  fishermen  from 
various  parts  of  the  coast  of  that  county  have  visited  the  laboratory 
and  hatchery  in  spring,  to  attend  demonstrations  on  the  life- 
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history  and  habits  of  fishes,  snch  as  might  be  of  interest  and  use 
to  them,  and  to  see  the  processes  of  fish-hatching. 

The  fishermen  were  so  much  interested  in  the  instruction  they 
received  that,  in  some  instances,  on  returning  home,  they  held 
public  meetings  to  discuss  and  communicate  what  they  had 
learned ;  and  as  it  appeared  to  the  Board  desirable  to  encourage 
this  inclination  among  the  fishing  population  for  knowledge  of  the 
kind,  they  invited  other  seaboard  County  Councils  to  send  fishermen 
to  the  demonstrations,  if  they  felt  so  disposed,  no  expense  being 
incurred  except  for  the  travelling  and  maintenance  of  the  men. 
Ihe  response  has  been  gratifying,  fishermen  from  the  counties  of 
Argyll,  Bute,  Caithness,  and  Elgin  having  attended  the  last  course 
of  instruction. 

The  subjects  taught  include  the  life-history  of  such  fishes  as  the 
herring,  cod,  haddock,  and  plaice,  ai  well  as  of  the  mussel  and 
edible  Crustacea,  the  instruction  being  given  in  as  simple  a  manner 
as  possible.  The  food,  reproduction,  growth,  &c.,  of  fishes  are 
explained  and  illustrated  by  specimens  and  experiment,  and  the 
men  are  shown  the  process  of  fertilisation  and  the  development  of 
a  fish  within  the  egg.  Demonstrations  are  also  given  on  various 
methods  of  "  barking  "  nets  and  lines,  a  subject  which,  touching  as 
it  does  on  their  daily  occupation,  is  always  interesting,  and  the 
opportunity  is  taken  to  show  them  some  of  the  fish-curing  and  ice- 
making  establishments  in  Aberdeen,  as  well  as  the  fish-market. 

With  reference  to  the  "  barking  "  of  nets,  it  may  be  stated  that 
experiments  are  being  tried  as  to  the  relative  value  of  certain 
methods  for  the  preservation  of  herring-nets,and  that  the  Congested 
Districts  Board  have  courteously  agreed  to  defray  the  cost,  and  to 
have  the  trial  of  the  nets  made  on  board  the  experimental  motor- 
fishing  boat  Pioneer, 

It  may  be  worth  stating  that  on  the  whole  question  of  the 
technical  education  of  fishermen  and  those  engaged  in  the  fishing 
industry  most  other  countries  in  Europe  are  in  advance  of  our- 
selves. In  France  and  Germany  there  are  a  number  of  schools 
devoted  to  this  work,  directly  or  indirectly  under  the  patronage  of 
the  State ;  there  are  several  in  Denmark,  The  Netherlands,  Belgium, 
and  Sweden.  Most  of  them  are  concerned  chiefly  with  that  part 
of  a  fisherman's  knowledge  which  relates  to  navigation,  fishing- 
fi;rounds,  and  actual  fishing,  but  many  offer  elaborate  facilities  for 
instruction  of  a  more  purely  scientific  kind,  and  are  provided  with 
laboratories,  museums,  libraries,  and  a  teaching  stafiT ;  some  have 
ships  as  floating  schools  for  practical  work.  By  far  the  most 
important  and  the  best-equipped  institution  of  the  kind  is  the 
Imperial  Fisheries  Institute  at  Tokio,  Japan,  which  was  recently 
rebuilt  by  the  Japanese  Government  at  a  cost  of  £17,000.  The 
buildings  and  grounds  occupy  8^  acres,  including  a  dock  for  the 
experimental  vessels ;  there  are  sixteen  lecture  rooms,  as  well  as 
laboratories,  museum,  and  libraries ;  the  staff  includes  ten  professors 
and  many  assistants;  and  the  course,  which  is  divided  into  three 
sections — fishing,  fisheries  technology,  and  pisciculture — extends 
over  three  years.  The  aim  is  to  educate  the  young  Japanese 
connected  with  the  fishing  industry  in  the  most  thorough  and 
scientific  manner ;  but  much  work  is  also  done  in  training  teachers 
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for  the  local  fisheries  and  technical  schools,  and  men  who  wish  to 
devote  themselves  to  such  industries  as  canning  and  curing  fish, 
the  manufacture  of  fish-oils,  iodine,  &c. 

In  this  country  there  is  perhaps  room  for  a  more  thorough 
scientific  and  technical  training  in  connection  with  the  treatment 
and  curing  of  fish  than  now  obtains. 

Investigations  on  the  Herring  Fisheries  in  the  Firth  of 

Clyde. 

The  investigations  on  the  herring  fisheries  in  the  Clyde  refer 
chiefly  to  Ballantrae  Bank  and  Lochfyne.  With  regard  to  the 
former,  where  a  Bye-law  (No.  18)  is  in  operation  interdicting  seine- 
net  fishing  within  a  certain  area,  the  fishery  last  season,  as  for 
some  years  past,  was  a  failure,  the  weather  having  been  almost 
continuously  stormy  up  to  the  middle  of  March.  The  Fishery 
Officer  reports  that,  although  the  "appearances"  of  herrings  on 
the  bank  were  as  good  as  ever  they  were  before — that  is,  the 
presence  of  whales,  solan  geese,  and  the  oily  look  of  the  surface,  by 
which  fishermen  judge  of  the  location  of  herring-shoals — and 
though  it  was  conclusively  proved  that  herrings  visited  the  ground 
to  spawn  by  the  fact  that  the  gill-nets  set  for  cod  were  coated  with 
herring-eggs,  the  total  quantity  of  herrings  taken  was  383  crans — 
15  by  drift-nets,  83  by  seine-net,  and  285  by  "  trammels"  or  set- 
nets.  No  observations  were  thus  possible  as  to  the  herring  at 
Ballantrae ;  and,  owing  to  the  want  of  a  steamer,  equipped  for  such 
work,  dredging  operations  on  the  bank  could  not  be  undertaken. 

The  fact  that  shoals  of  herrings  have  continued  to  frequent  these 
grounds  every  spring  in  recent  years,  and  have  been  scarcely  at  all 
disturbed  by  the  action  of  the  nets  of  fishermen,  while  the  Loch- 
fyne fishing  has  been  extremely  unsuccessful,  does  not  lend  support 
to  the  theory,  strenuously  held  a  few  years  ago,  that  the  seine- 
net  fishing  at  Ballantrae  was  injurious  to  the  fishing  in  the  loch ; 
though  sufficient  time  has  not  yet  elapsed  to  make  this  certain. 

The  investigations  in  Lochfyne  concern  the  decline  in  the  yield 
of  the  fishery  in  recent  years,  especially  in  1904  and  1905,  the 
latter  being  amongst  the  worst  years  on  record,  and  are  designed  to 
throw  light  on  the  movements  of  the  herring-shoals  into  and  out 
of  the  loch,  the  places  where  the  herrings  spawn  and  the  periods, 
the  relation  of  the  abundance  of  food-material  in  the  loch  to  the 
abundance  of  the  herrings,  the  growth  of  the  herring,  and  the  great 
fluctuations  that  occur.  An  investigation  of  this  kind  is  difficult 
under  the  most  favourable  circumstances  and  must  necessarily 
cover  several  successive  seasons.  As  much  as  possible  has  been 
done  by  the  liire  of  boats ;  monthly  observations  on  the  tempera- 
ture and  food-material  for  the  herring  have  been  made  for  over  a 
year,  but  they  had  to  be  suspended  during  last  winter,  owing  to 
the  lack  of  funds  to  meet  the  expenses. 

In  addition  to  the  information  afforded  by  the  course  of  the 
fishing  and  the  places  of  capture  of  the  fish,  two  methods  have 
been  adopted  with  the  object  of  tracing  the  migrations  of  the 
herring.     One  consists  in  marking  the  herrings  with  a  printed  silk 
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tag,  suitably  treated,  and  then  liberating  them,  and  over  500 
herrings  have  been  thus  dealt  with.  The  tag  contains  directions 
to  the  finder  and  enables  the  particular  herring  to  be  identified. 
So  far,  five  of  the  marked  herrings  have  been  caught  again,  but  as 
they  were  caught  within  the  loch,  and  not  far  from  the  place  of 
Uberation,  they  do  not  afford  evidence  as  to  the  route  of  the 
herrings  from  the  loch  or  their  destination.  The  herring  is  much 
more  dehcate  than  ordinary  round  fishes  and  flat  fishes,  as  plaice 
and  cod,  which  are  made  the  subject  of  similar  experiments,  and  it 
was  found  necessary  to  attach  the  tag  to  them  while  they  were 
still  in  the  water  within  the  bag  of  the  seine-net.  This  method 
will  be  persevered  in,  since  the  recovery  of  a  single  marked  herring 
at  a  distance  from  the  place  of  liberation,  particularly  if  it  is 
caught  at  a  spawning-ground  and  about  the  spawning-time,  affords 
direct  and  conclusive  evidence  as  to  the  migration  of  that  particular 
herring,  and  presumptive  evidence  as  to  the  movement  of  the  shoal 
to  which  it  belongs,  since  the  individuals  composing  it  are  governed 
by  a  common  object,  namely,  reproduction. 

The  second  method  consists  in  the  attempt  to  identify  a  particular 
shoal  by  a  study  of  the  characters  of  the  herrings  belonging  to  it. 
It  was  applied  in  particular  to  the  large  and  fine  fish  which  loiter 
.  till  near  the  end  of  the  year  in  the  deep  water  of  the  upper  loch, 
which  they  quit  by  easy  stages,  and  are  believed,  and  probably 
rightly,  to  make  their  way  down  Kilbrennan  Sound  to  spawn  in 
the  early  months  of  the  year  somewhere  off  the  southern  part  of 
Kintyre.  Many  hundreds  of  these  herrings  were  examined  at 
different  periods,  weighed,  various  measurements  tabulated,  and 
the  condition  and  weight  of  the  reproductive  organs  determined ; 
the  latter  observations  affording  incidentally  valuable  information 
as  to  the  ripening  process  and  its  duration.  These  herrings  were 
traced  down  the  loch  at  the  end  of  the  year,  and  they  appear  to 
have  gone  down  Kilbrennan  Sound,  but,  owing  to  the  absence  of 
the  Fishery  Ofl&cer  at  Campbeltown  on  other  duties,  sufficient 
samples  of  the  herrings  being  caught  in  the  early  part  of  the  year 
could  not  be  procured.  It  is  accepted  as  a  working  hypothesis 
that  these  large  herrings  pass  down  Kilbrennan  Sound,  but  there  is 
not  conclusive  evidence  to  show  that  they  do  so. 

In  the  meantime,  it  may  be  pointed  out  that  in  the  past  the 
fluctuations  in  the  yield  of  herrings  in  Lochfyne  in  different  years 
have  been  noteworthy,  as  the  following  Table,  which  covers  the 
long  period  of  half  a  century,  shows : — 


Ten  Yrtir  Period. 

Average 
NumhNer 
of  Boats. 

Average 
Number 

of 
Barrels 
Taken. 

A  verage 
Number 

of 

Barrels 

per  Boat. 

11-5 

Miuimum  Catch 
in  Decade. 

1 

Maximum  Catch 
in  Decade. 

1827  36,  . 

300 

3,469 

Barrels. 
1,453  (1880) 

Barrels. 
4,898  (1832) 

1887  46,  . 

350 

7,388 

25-1 

3,225  (1839) 

9,400  (1846) 

1847-56,  . 

396 

19,949 

50-4 

10,630  (18.52) 

32,726  (1851) 

1867-66,  . 

558 

38,096 

59-3 

16,151(1864) 

79,893  (1862) 

1S67-76,  . 

479 

25,561 

58-4 

6,984  (1874) 

14,471  (1876) 

■ 

12  Part  ITL — Tweniy-fourth  Annual  Bepoii 

The  Food- Value  of  the  Herring. 

As  part  of  the  series  of  researches  now  being  carried  out  by  the 
scientific  department  of  the  Board  on  the  herring  and  herring 
fisheries,  it  was  decided  to  obtain  analyses  of  herrings  in  order  to 
determine  their  composition  and  food-value  at  difierent  periods  of 
their  development,  especially  when  ripe  or  nearly  mature  and  when 
spent.  This  investigation  was  undertaken  by  Dr.  T.  H.  Milroy, 
Professor  of  Physiology,  Queen's  College,  Belfast,  who  furnishes  an 
important  paper  on  the  subject  which  is  contained  in  the  present 
Report,  the  detailed  analyses  being  set  forth  in  numerous  Tables. 
Herrings  have  been  analysed  before,  but  the  results  have  shown 
much  discrepancy  from  the  fact  that  the  season  of  the  year  or  the 
sexual  development  of  the  fish  has  been  ignored.  Professor 
Milroy  shows  that  great  differences  in  the  muscle  of  the  herring 
exist  at  different  periods,  even  when  the  herrings  are  taken  from 
the  same  waters.  The  herrings  used  for  the  research  were  obtained 
principally  from  Lochfyne,  but  also  from  Lochboisdale  and  Helms- 
dale. 

The  composition  of  the  herrings  is  stated  in  terms  of  water, 
proteid,  fat,  and  phosphoric  acid,  and  as  the  muscle  or  flesh 
constitutes  the  main  source  of  the  nutritive  value  of  the  herring,  it 
is  important  to  recognise  the  variations  in  its  composition.  These 
are  most  striking,  especially  as  concerns  the  percentage  of  fat,  and 
as  this  food  principle  possesses  such  a  high  caloric  value,  any 
marked  decrease  in  its  amount  lowers  the  nutritive  value  of  the 
fish  to  a  serious  extent.  The  lowest  fat-percentage  was  found  in 
the  large  spent  herrings  from  Lochboisdale  in  February,  and  the 
total  amount  of  fat  present  in  the  collective  muscles  of  the  avers^ 
fish  was  exceedingly  small.  In  these  muscles  the  percentage  of 
water  was  higher  than  normal,  but  the  proteid  and  phosphorus 
percentages  were  but  little  aftected.  In  Lochfyne,  the  fat-per- 
centage of  the  flesh  of  the  herring  continues  to  rise  during  August, 
September,  and  October.  It  begins  to  fall  slowly  in  November, 
markedly  in  December,  most  markedly  during  spawning,  and 
continues  at  a  low  level  until  the  fish  begin  to  feed  again. 

With  regard  to  the  nutritive  value  of  spent  herrings.  Professor 
Milroy  says  the  statements  often  vaguely  made  as  to  their 
unwholesome  character  usually  rest  upon  the  general  appearance 
of  the  flesh,  which  is  undoubtedly  poorer  in  fat.  But  the  nutritive 
value  depends  not  only  upon  the  fat,  but  upon  the  proteids,  and 
the  analyses  show  that  in  this  respect  spent  herrings  compare  by 
no  means  unfavourably  with  the  maturing  or  mature  fish.  Fully 
mature  fish,  about  to  spawn,  are  in  the  same  condition  as  freshly 
spent  fish. 

A  similar  research  on  the  composition  of  the  herrings  of  the 
east  coast  of  Scotland  is  now  in  progress. 

The  Rate  of  Growth  and  Age  of  the  Herring. 

To  the  present  Report  a  paper  is  contributed  by  Dr.  Wemjrss 
Fulton  on  the  growth  and  age  of  the  herring,  based  upon  the 
measurements  and  examination  during  the  last  six  years  of  nearly 
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20,000  specimeRB,  which  were  obtained  mostly  in  small-meshed 
nets  around  the  cod-end  of  otter-trawls  during  the  trawling  inves- 
tigations. It  is  shown  that  the  opinions  hitherto  generally  held  as 
to  the  growth  of  this  fish,  and  which  are  for  the  most  part  based  on 
the  investigations  of  a  German  naturalist,  Dr.  H.  A.  Meyer,  which 
were  made  at  Kiel,  on  the  Baltic,  over  twenty-five  years  ago,  are 
not  well-founded,  and  that  the  herring  grows  more  slowly  than  he 
supposed. 

Dr.  Meyer's  observations  and  experiments  are  submitted  to 
critical  examination,  the  results  showing  that  he  over-estimated 
the  growth  of  the  herring  in  winter,  when  the  growth  of  all  fishes 
is  retarded,  and  missed  at  least  a  year  in  the  computation  of  its 
age.  The  gradual  growth  of  the  young  post-larval  herring  from 
the  spring  and  from  the  autumn  spawning  respectively  is  traced, 
the  latter  towards  the  end  of  the  year  being  between  one  and  two 
inches  in  length,  while  the  growth  of  the  spring  herring  under 
more  favourable  temperature  conditions  is  quicker. 

The  herring  when  one  year  of  age  measures  barely  two  and  a 
quarter  inches  in  length,  and  it  does  not  reach  maturity  and  spawn 
until  five  years  old  and  of  an  average  length  of  about  9^-9^  inches. 
The  size  of  the  herring  at  diflferent  ages  is  approximately  as  fol- 
lows:— 


Approximate  Age. 


1  Year, 
2Yeart, 

8       n 


Length. 

Increase  in  Length 
from  Previous  Year. 

Mm. 
60-6 

Inches. 
21 

Mm. 

Inches. 

113 

4A 

62 

2A 

159 

«i 

47 

li 

200 

n 

41 

18 

288 

n 

38 

U 

257 

io» 

19 

J 

Herrings  over  twelve  inches  long,  like  the  large  Lochfyne  fish,  may 
be  ten  years  old  and  more,  and  the  very  large  herrings  that  are 
occasionally  caught,  measuring  14-15  inches,  are  probably  over  15 
years  of  age,  and  may  be  20.  Compared  with  most  fishes  caught 
by  lines  or  trawls,  the  herring  caught  by  drift-nets  has  a  great 
advantage,  since  no  less  than  four  generations  of  undersized  or  im- 
mature herrings  escape  capture  by  passing  through  the  meshes  of 
the  net,  and  only  fish  which  have  reached  adult  size  are  taken. 
The  paper  is  illustrated  with  three  plates  of  diagrams. 

The  Kate  of  Growth  and  the  Age  of  the  Food  Fishes. 


Another  paper  dealing  with  the  growth  of  numerous  species  is 
contributed  by  Dr.  Fulton,  the  results  being  founded  upon  the 
measurements  of  nearly  209,000  fishes  belonging  to  21  species, 
which  was  done  almost  entirely  by  means  of  the  commercial 
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trawlers  employed  in  the  trawling  investigations,  as  previously 
described,  and  is  the  same  method  as  that  which  has  since  been 
used  so  extensively  in  the  course  of  the  international  investigations 
in  the  North  Sea.  During  the  course  of  the  investigation,  which 
has  extended  over  six  years,  the  numbers  of  the  chief  species  dealt 
with  have  been  as  follows : — 


Plaice,    . 

17,950 

Whiting, 

58,164 

Common  Dab, 

26,230 

Gurnard, 

5,495 

Long  Rough  Dab,  . 

20,261 

Norway  Pout, 

7,192 

Cod, 

7,176 

Herring, 

19,806 

Haddock, 

28,760 

Sprat, 

6,473 

From  a  study  of  the  growth  of  the  different  fishes  and  the  size 
at  which  they  attain  maturity,  a  law  of  growth  is  stated,  namely, 
that  fishes  approximately  double  their  size  and  increase  their 
weight  about  eight  times  after  they  have  reached  sexual  maturity. 

The  species  whose  growth  and  age  are  specially  dealt  with  in 
the  paper  are  the  plaice,  dab,  flounder,  lemon  dab,  long  rough  dab, 
turbot,  brill,  cod,  haddock,  whiting,  and  grey  gurnard.  A  general 
conclusion  is  that  fishes  do  not  grow  so  quickly  as  is  generally 
supposed.  Thus,  while  the  plaice  reaches  a  length  of  about  throe 
inches  in  the  first  year  of  its  life,  the  female  is  five  years  old  and 
the  male  four  years  when  they  attain  maturity.  It  is  estimated 
that  the  turbot  does  not  spawn  until  it  is  at  least  seven  years  old, 
while  the  cod  spawns  at  four  or  five  years,  the  haddock  at  three, 
and  the  whiting  when  two  years  of  age.  The  paper  is  accompanied 
by  a  number  of  tables  of  measurements  and  two  plates. 

In  connection  with  the  question  of  the  growth  of  fishes,  a  research 
on  the  rate  of  digestion  by  Dr.  No^l  Paton,  whose  investigations  on 
the  salmon  are  so  well  known,  is  in  progress.  Two  sets  of  observa- 
tions have  been  made,  but  the  final  results  are  reserved  for  next 
year's  Eeport. 

The  Tay  Sprat  Fishery. 

Mr.  John  Fletcher  contributes  a  paper  on  the  sprat  fishery  in 
the  Tay,  similar  to  the  one  published  last  year,  but  dealing  with 
the  winter  of  1905-1906.  The  fishery  was  again  a  comparative 
failure,  only  1371  crans  of  sprats,  including  young  herrings,  being 
taken.  The  estimated  number  of  young  herrings  caught  in  the 
sprat  fishing  is  stated  to  have  been  nearly  12,000,000,  while  the 
sprats  are  estimated  at  a  little  over  16,000,000,  the  estimated 
percentage  of  young  herrings  amounting  to  42*4. 

The  Specific  ('haracters  of  the  Gadidj?. 


Dr.  Williamson  contributes  a  paper,  illustrated  with  three  plates, 
on  the  classification  of  certain  members  of  the  cod-family,  viz.,  the 
bib,  or  whiting-pout,  the  poor-cod,  and  the  Norway  pout,  the  paper 
being  a  continuation  of  a  previous  one,  in  which  the  cod,  the 
saithe,  and  the  lythe  were  dealt  with.  Two  of  the  species,  the 
whiting-pout  and  the  poor-cod,  have  often  been  confused,  oertain 
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authors  at  different  times  maintaining  that  they  are  specifically 
the  same,  a  circumstance  attributed  to  only  a  few  specimens  having 
been  examined,  and  the  specific  characters  as  published  ambiguous. 
By  a  study  of  the  distinguishing  characters  and  numerous  measure- 
ments, Dr.  Williamson  shows  that  these  two  species  are  distinct, 
and  a  key  is  given  incorporating  the  results  of  the  previous  and 
the  present  researches,  by  which  the  six  species  may  be  separated. 
The  same  naturalist  supplies  a  paper,  with  two  plates  of  drawings, 
on  hermaphroditism  in  the  cod,  a  condition  which  is  normal  in 
certain  fishes,  as  the  Gilthead  (Chrysophrys  auratus),  and  occurs 
occasionally  in  others. 

The  Otouths  or  Earstones  of  Fishes. 

In  this  Keport  will  be  found  a  long  and  elaborate  paper  by  Dr. 
Thomas  Scott  on  the  otoliths  or  earstones  of  teleostean  or  bony 
fishes,  which  is  illustrated  by  five  plates  containing  figures  of  the 
otoliths  described,  belonging  to  about  seventy  species.  The 
otoliths  of  difierent  fishes  vary  remarkably  in  shape  and  size, 
and  Dr.  Scott  shows  how  these  differences  may  be  used  as  a  means 
for  the  identification  of  the  various  species  should  other  data  not  be 
available.  It  is  thus  sometimes  possible,  as  the  author  has  shown 
in  previous  papers,  to  tell  upon  what  fishes  a  particular  fish  or  ceta- 
cean may  have  been  feeding,  by  the  presence  of  the  earstones  alone. 
The  otoliths  consist  almost  entirely  of  calcareous  matter,  only  a  trace 
of  organic  tissue  being  present.  The  structure  shows  that  the  limy 
matter  is  deposited  in  concentric  layers,  the  density  of  each  layer 
being  slightly  greater  or  less  than  the  one  immediately  preceding 
it.  In  flat  fishes,  the  earstones  form  round  or  oval  discs,  so  thin 
that  the  alternating  concentric  layers  are  easily  made  out.  The 
number  of  such  layers,  or  growth-lines,  appears  to  correspond  more 
or  less  closely  with  the  age  of  the  fish,  but  Dr.  Scott  is  of  opinion 
from  his  researches  that  it  is  doubtful  if  the  evidence  of  age 
obtained  in  this  way  can  be  safely  relied  on. 

The  same  naturalist  also  contributes  a  brief  paper  on  new  and 
rare  copepoda  from  the  Scottish  seas,  illustrated  by  a  plate  of 
drawings.  Most  of  the  species  were  obtained  in  the  Firth  of  Forth 
and  the  Moray  Firth. 

The  Spawning  and  Fecundity  of  the  Plaice. 

An  experiment  was  made  on  this  subject  by  Dr.  Fulton,  by 
keeping  adult  plaice  about  to  spawn  in  tanks  and  collecting  all  the 
^gs  that  appeared  in  the  overflow  daily,  or  twice  daily.  By  this 
means  the  number  of  eggs  spawned  by  each  of  the  two  females 
experimented  with  was  determined,  as  well  as  the  duration  of  the 
spawning  and  the  quantity  of  eggs  that  appeared  from  day  to  day. 
One  of  the  females  spawned  steadily,  and  almost  daily  for  a  neriod 
of  36  days,  the  quantity  shed  at  any  time  being  small;  the 
spawning  of  the  other  extended  over  41  days,  but  eggs  were 
spawned  on  only  16  days  during  the  period,  large  quantities  of 
eggs  being  shed  on  each  occasion,  as  many  as  49,000.     The  fii-st 
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female  produced  a  total  of  about  163,500  eggs,  and  the  second  one 
a  total  of  252,700.  The  eggs  of  one  of  the  fishes  were  found  to  be 
smaller  than  those  of  the  other,  and  towards  the  end  of  the 
spawning  the  size  of  the  egg  became  reduced  in  each  case. 

The  Spawning  of  the  Lumpsucker  and  the  Paternal 

Guardianship  of  the  Eggs. 

A  paper  by  Dr.  Fulton  describes  the  spawning  of  the  Lumpsucker 
and  the  remarkable  assiduity  with  which  the  male  guards  the  eggs 
during  the  period  of  incubation,  which  lasts  for  about  two  montha 

During  all  this  time  the  male  stands  sentinel  over  the  eggs, 
repelling  the  attacks  of  intruders,  pursuing  other  males  that 
approach  them,  constantly  aerating  them  by  a  movement  of  bis 
fins,  and  by  spouting  currents  of  water  on  them  from  his  mouth, 
and  refusing  all  food  until  almost  the  end  of  his  long  vigil. 

We  have  the  honour  to  be. 

Your  most  obedient  Servants, 

ANGUS  SUTHERLAND,  Chairman. 

D.  CRAWFORD,  Deputy-Chairman. 

D'ARCY  W.  THOMPSON. 

W.  R  DUGUID. 

L.  MILLOY. 

D.  MEARNS. 

H.  WATSON. 

WM.  C.  ROBERTSON,  Secretary, 


SCIKNTFFIC    REPORTS. 


I.— TRA^VLING  INVESTIGATIONS.      By  Dr.  T.  Wkmyss  Fulton, 
F.R.S.K,  Sui»ermtendent  of  Scientific  Investigations. 

Introductory. 

Last  year  the  investigations  into  the  conditions  of  the  fishing  grounds 
in  the  Moray  Firth  and  Aberdeen  Bay,  by  means  of  steam  trawlers, 
whose  services  were  obtained  for  the  purpose  without  expense,  were 
continued  as  in  previous  years  as  far  as  circumstances  permitted.  In  the 
Moray  Firth  the  more  important  areas  were  visited  in  February, 
September,  October,  and  November,  and  the  grounds  in  Aberdeen  Bay 
were  also  examined  in  March.  The  grounds  at  Burghead  Bay  and  in 
the  neighbourhood  on  the  south  coast  were  most  fully  examined,  but  a 
number  of  hauls  were  also  taken  in  the  Dornoch  Firth,  off  the  Suters  of 
Cromarty,  and  a  few  off  the  Caithness  coast. 

On  most  occasions  fish  were  found  to  be  scarce,  and  the  results  of  the 
voyages  were  not  regarded  as  financially  profitable  by  the  owners, 
especially  in  the  Moray  Firth  in  September,  October,  and  November, 
when  the  vessels  working  on  the  usual  grounds  in  the  North  Sea  were 
much  more  successful.  Haddocks,  in  particular,  were  unusually  scarce, 
only  19^  cwts.  being  taken  in  the  whole  of  the  voyages  together,  and  of 
these  12f  cwts.  were  got  in  the  February  trip.  In  September  the  total 
quantity  of  haddocks  amounted  to  only  5  cwts.,  and  in  November  to  I^ 
cwts.,  while  none  at  all  were  caught  in  Aberdeen  Bay  in  March.  The 
haddocks  that  were  taken  were  mostly  small,  and  in  autumn  large 
numbers  of  these  small  unmarketable  haddocks  were  brought  up  in  the 
trawl  in  the  Moray  Firth  and  thrown  overboard.  On  one  occasion  close 
upon  4000  were  taken  in  a  single  haul.  Particulars  in  regard  to  these 
are  given  beluw,  and  in  the  Tables  appended.  The  total  quantity  of  fish 
of  all  kinds  brought  to  market  in  the  course  of  the  various  trips 
amounted  to  388^  cwts.,  mostly  consisting  of  plaice. 

With  regard  to  the  number  of  fishes  taken,  the  aggregate  for  the 
completely  recorded  hauls  was  71,982,  of  which  30,538  were  marketable 
and  41,444  unmarketable,  either  because  of  their  small  size,  or  because 
they  were  not  uf  edible  kinds.  The  total  number  of  plaice  taken  in  these 
hauls  was  29,958 ;  the  number  of  haddocks  was  26,348,  the  greater 
proportion  being  too  small  to  be  marketable,  and  the  number  of  cud  was 
302.  As  showing  the  quantity  of  unmarketable  fish  in  autumn  as  com- 
pared with  spring  (February)  it  may  be  said  that  while  at  the  latter 
period  12,882  marketable  fish  were  taken  as  ap^ainst  3088  unmarketable, 
in  autumn  the  number  of  unmarketable  was  26,133,  while  the  number  of 
marketable  was  almost  the  same  as  in  spring,  viz.,  12,756. 

One  of  the  objects  of  these  trawling  investigations  is  to  ascertain  as 
far  as  possible  the  changes  which  occur  in  the  abundance  of  the  food  and 
other  fishes  on  the  grounds  in  different  seasons  and  years ;  but  observa- 
tions are  also  made  on  the  reproduction  of  the  fishes,  their  spawning, 
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food,  d^c,  while  at  the  same  time  collections  of  floating  organisms,  or 
plankton,  are  obtained.  The  employment  of  commercial  trawlers  for  this 
purpose  is  associated  with  certain  disadvantages,  particularly  from  the 
point  of  view  of  comfort;  but  as  the  trawling  work  is  carried  on 
precisely  as  it  is  when  fishing  for  market  purposes,  opportunities  are 
afforded  for  various  observations  bearing  on  this  method  of  fishing,  as, 
for  example,  the  proportion  of  marketable  and  unmarketable  fishes  which 
are  taken,  the  influence  of  the  size  of  the  mesh  on  the  size  of  the  fish 
caught,  dbc.  The  expense,  moreover,  is  comparatively  slight,  as  no  charge 
is  made  for  the  use  of  the  vessels,  which  are  also  available  for  procuring 
supplies  of  adult  living  plaice  for  the  hatchery,  without  cost 

On  some  of   the  occasions  the  records  of  the  catches  on   board  the 
trawlers  were  made  by  Dr.  Williamson. 


I. 

The  first  of  the  trawlings  was  made  in  the  Moray  Firth  and  Aberdeen 
Bay  from  the  6th  to  the  11th  February,  the  steam-trawler  "Loch 
Lyddoch''  being  employed;  rather  heavy  weather  was  encountered 
during  the  latter  part  of  the  trip.  The  places  visited  in  the  Moray  Fiith 
were  Burghead  Bay  and  the  grounds  off  it,  the  grounds  in  deeper  water 
to  the  east  of  the  Suters  of  Cromarty,  and  the  Dornoch  Firth.  A  gale 
which  sprang  up,  with  a  heavy  sea,  prevented  the  vessel  from  visiting 
Smith  Bank  and  the  grounds  off  the  Caithness  coast,  as  was  intended. 

The  first  hauls  were  made  in  Burghead  Bay  in  the  afternoon  of  6ih 
February,  the  wind  when  the  work  commenced  being  from  the  westwards 
and  light.  A  drag  in  from  about  5  to  12  fathoms  for  four  hours, 
and  therefore  somewhat  close  in,  yielded  a  total  of  596  fish,  of  which  511 
were  marketable  and  85  unmarketable.  The  greater  part  of  the  market- 
able catch  consisted  of  plaice,  and  witches  were  fairly  numerous.  The 
plaice  numbered  292,  all  of  them  marketable,  and  most  of  them  medium 
and  small,  only  1  large  plaice  being  taken.  There  were  100  witches, 
all  marketable,  and  among  the  other  flat-fishes,  3  turbot,  13  brill,  1 
halibut,  26  common  dabs,  and  7  flounders.  Round-fishes,  especially 
haddocks,  were  scarce  ;  they  included  2  cod,  7  codlings,  39  haddocks,  all 
but  1  b<nng  small,  1 8  whitings,  and  2  cat  fish.  The  unmarketable  fishes 
consisted  mostly  of  common  dabs,  whiting,  and  codling,  llie  second 
haul,  in  the  same  locality  and  about  the  same  depths,  was  for  four  hours 
and  Hve  minutes.  The  number  of  fishes  secured  was  792,  of  which 
712  were  marketable  and  80  unmarketable.  Plaice  were  better  repre- 
sented, the  total  being  492,  all  of  them  marketable,  and  consisting  chiefly 
of  medium  and  small  specimens.  This  catch  also  included  a  halibut,  3 
turbot,  and  14  brill,  as  well  as  49  witches,  all  marketable,  and  100 
common  dabs.  There  were  also  7  cod  and  11  codlings;  haddocks  were 
equally  scarce,  only  26  being  taken.  A  third  haul  in  the  same  place 
gave  somewhat  the  same  results.  It  was  for  four  hours,  and  the  aggre- 
gate catch  amounted  to  863  fishes,  768  being  marketable  and  95 
unmarketable.  Plaice  formed  the  bulk  of  the  catch  ;  they  numbered 
375,  mostly  small  and  medium,  and  there  were  also  178  witches,  all 
marketable,  as  well  as  37  brill,  79  common  dabs,  and  5  flounders.  The 
marketable  round-fishes  included  4  cod,  28  codling,  and  43  haddocks,  all 
of  the  latter,  except  one,  being  small. 

In  the  three  hauls  in  this  place  within  the  range  of  depth  mentioned, 
occupying  altogether  twelve  hours  and  five  minutes,  2251  fishes  wen 
caught,  of  which  1991  were  marketable  and  260  unmarketable.     The 
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particalara  are  given  in  the  following  Table,  the  marketable  fishes  bein^ 
represented  on  the  first  line  (I.)  and  the  unmarketable  on  the  second  line 


Cod.  Codling.       Haddock.    ,     Whiting.    I     Cat-fish 


I. 
II. 

Total 


13 


46 
9 


Halibut. 


13 


l^h 


108 
5 


41 

8 


♦> 


na 


49 


TurLot.  !     Brill. 


1. 
11. 


Total 


6 


64 


6 


64 


Plaice.         Wit<h. 


1,159 


327 


Lemon 
Dab. 


Common     y^^^^^^. 
Dab. 


6 


20n 

12 

18:3 

- 

1,159 


:^7 


6 


388 


12 


In  addition  to  those  in  the  Table,  there  were  3  herrings,  34  anglers,  and 
IB  thombacks. 

In  the  same  locality,  bat  in  rather  'shallower  water,  another  haul  was 
Uen  on  the  8th,  which  may  be  here  referred  to.  The  depth  was  from 
7  to  10  fathoms,  but  mostly  7,  8,  and  9,  and  it  lasted  four  hours  and 
twelve  minutes.  The  catch  was  smaller  than  in  the  others,  totalling  367 
bbes,  334  being  marketable  and  33  unmarketable.  Plaice  were  not  so 
numerous,  consisting  of  263  (3  baskets  of  mediums  and  1  ^  of  small). 
There  were  also  2  turbot  and  21  brill.  Haddocks  were  represented  by 
2  small,  unmarketable  specimens,  but,  on  the  other  hand,  there  were 
17  cod. 

After  the  three  first  hauls  above  referred  to,  the  vessel  shifted  a  little 
farther  out  into  deeper  water.  The  light  on  Burgh ead  pier  bore  about 
Sj3.£.,  and  the  depths  ranged  to  about  25  fathoms,  the  distance  from  the 
light  being  about  four  miles.  In  ihe  first  haul,  in  from  17  to  20  fathoms, 
which  lasted  for  four  hours  and  ten  minutes,  1295  fishes  were*  caught,  of 
which  1011  were  marketable  and  284  unmarketable.  The  bulk  of  the 
catch  was  made  up  of  plaice,  haddocks,  and  witches.  There  were  273 
plaice,  mostly  medium  and  small  (jMe  page  35),  and  all  marketable,  371 
witches,  all  marketable  and  all  except  four  large,  while  the  number  of 
haddocks  was  277,  of  which  213  were  marketable,  though  nearly  all  were 
small.  The  catch  included  12  cod,  22  codling,  2  coal-fish,  2  cat-fish,  3 
turbot,  and  4  brill. 

The  second  haul,  made  in  the  same  locality  in  from  about  17  to  21 
fathoms,  and  which  lasted  for  four  hours  and  five  minutes,  yielded  1460 
fishes,  of  which  1081  were  marketable  and  379  unmarketable.  Haddocks 
were  much  scarcer  than  in  the  preceding  drag,  the  bulk  of  the  fishes 
being  plaice  and  witches.  The  number  of  plaice  was  384,  and  they  were 
all  marketable ;  most  of  them  were  mediums  and  thirds.  The  witches 
numbered  528,  there  being  466  large,  marketable,  and  62  unmarketable. 
There  were  also  11  brill,  1  turbot,  6  lemon  dabs,  10  cod,  and  2  cat-fish. 
The  number  of  haddocks  was  148,  and  63  of  them  were  too  small  to  be 
marketable.  It  is  of  interest  to  note  that  in  this  catch  there  were  9 
btrried  edible  crabs. 
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The  next  haul  in  the  same  place,  for  four  hours  and  fifteen  minutes, 
yielded  1013  fishes,  822  being  marketable  and  191  unmarketabl&  Plaice 
were  the  most  numerous  in  the  catch,  the  total  being  563,  and  all  but  11 
marketable.  Witches  were  much  less  abundant,  the  total  being  74,  4  of 
them  unmarketable.  Among  the  other  flat-fishes  were  1  halibut,  4 
turbot,  and  18  brill,  as  well  as  a  black  or  common  sole — a  fish  which  is 
exceedingly  scarce  in  the  Moray  Firth.  Haddocks  were  scarce,  only  64 
being  taken,  nearly  all  small,  and  18  unmaiketable.  The  number  of  cod 
was  5,  and  there  were  2  cat-fish,  1  starry  ray,  and  4  cuckoo  rays.  In  the 
next  haul,  which  lasted  for  four  hours  and  fifteen  minutes,  the  range  of 
depth  was  rather  greater,  from  12  to  25  fathoms.  The  aggregate  number 
of  fishes  was  707,  of  which  599  were  marketable  and  108  unmarketable. 
Plaice  formed  the  bulk  of  the  catch,  numbering  385,  and  all  but  4  were 
marketable.  There  were  60  witches,  3  of  which  were  unmarketable,  3 
turbot,  14  brill,  and  1  megrim.  Haddocks  were  poorly  represented,  the 
number  being  67,  and  7  were  unmarketable  and  nearly  all  the  others 
small.  Three  cod  and  27  codling  were  taken,  7  of  these  being  unmarket- 
able, as  well  as  2  coal-fiflh  and  a  cat-fish.  A  fifth  haul,  lasting  for  four 
hours  and  ten  minutes,  in  somewhat  shallower  water,  from  13  to  17 
fathoms,  yielded  a  total  of  816  fishes,  673  being  marketable  and  143 
unmarketable.  The  result  was  much  the  same  as  in  the  previous  four 
drags,  the  bulk  of  the  catch  consisting  of  plaice,  which  numbered  456,  all 
but  6  being  marketable.  There  were  65  witches,  all  marketable,  1 
turbot,  14  brill,  5  cod,  and  a  cat-fish. 

Altogether,  in  the  five  hauls  off  Burghead,  the  aggregate  time  of  actual 
fishing  being  twenty  hours  and  fifty-five  minutes,  the  total  number  of 
fishes  taken  was  5291,  of  which  4186  were  marketable  and  1105 
unmarketable.  The  particulars  for  each  kind  of  fish  are  given  in  the 
following  Table,  the  marketable  being  shown  on  the  first  line  (I.)  and  the 
unmarketable  on  the  second  line  (H.). 


Cod. 

Codling. 

Haddock. 

W 

biting. 

Coal-fish. 

Cat-fish. 

1 
Halibut. 

Turbot. 

I. 
II. 

Total 

35 

• 

52 
15 

425 

158 

105 
37 

4 

8 

1 

• 

12 

• 

35 

67 

583 

142 

4 

8 

1 

12 

BrUI. 

Plaice. 

Witch. 

Ijenion 
Dab. 

Common 
Dab. 

Megrim. 

Flounder. 

I. 
II. 

Total 

61 

2,040 
21 

1,029 
69 

15 

258 
678 

1 

* 

10 

1 

61 

2,061 

1..093 
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1                   I 
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1 

91 

1 
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The  vessel  then  steamed  in  the  direction  of  the  Cromarty  Firth  and 
made  a  number  of  hauls  off  the  Suters  of  Cromarty.  The  distance  from 
the  Suters  was  about  five  miles  to  the  east,  and  the  depth  varied  from 
about  18  to  35  fathoms.  The  first  drag,  on  the  9th  February,  lasted  for 
3^  hours,  the  depths  taken  being  25,  18,  and  35  fathoms.  The  number 
of  fishes  caught  was  1357,  of  which  1113  were  marketable  and  244 
unmarketable.  In  this  liaul  plaice  were  barely  represented,  the  total 
being  13,  and  it  is  noteworthy  that  4  were  small  (thirds),  7  were 
mediums,  and  2  large ;  there  were  none  belonging  to  the  fourth  class. 
The  bulk  of  the  catch  consisted  of  witches,  of  which  there  were  9  basket- 
fulsy  the  number  being  850,  and  of  these  792  were  marketable  and  58 
too  small  to  be  taken  to  market.  Among  the  other  flat-fishes  were  1 
tarbot,  4  lemon  dabs,  224  common  dabs,  and  23  long  rough  dabs ;  but, 
in  contrast  to  the  hauls  off  Burghead,  no  brill  were  taken.  Among  the 
round-fishes,  haddocks  were  much  better  represented,  and  the  medium- 
sized  fish,  practically  absent  off  Burghead  Bay,  were  fairly  represented. 
The  total  number  of  haddocks  was  132,  all  but  13  being  market- 
able; 8  were  large,  58  medium,  and  53  small  (thirds).  The  number 
of  ood  caught  was  16,  and  there  were  6  marketable  codlings  and  1 
coal-fish. 

The  depths  got  in  the  next  haul  in  the  same  locality,  which  lasted  for 
three  hours  and  thirty-five  minutes,  were  23  and  29  fathoms.  The 
number  of  fishes  taken  was  1774,  of  which  1411  were  marketable  and 
363  unmarketable.  The  catch  differed  from  the  previous  one  in  that 
plaice  and  haddocks  were  much  more  abundant  and  witches  less  abundant 
The  number  of  plaice  taken  was  278,  three  of  them  being  too  small  to  be 
marketable;  of  the  marketable,  4  were  large,  129  medium,  99  were 
tliirds,  and  43  fourths.  The  witches  numbered  493,  of  which  477  were 
marketable,  and  the  great  majority  were  large.  Among  other  flat-fishes 
were  3  brill,  2  lemon  dabs,  242  common  dabs,  and  119  long  rough  dabs 
The  number  of  haddocks  taken  was  536,  of  which  483  were  of  marketable 
sue,  and  53  too  small  to  be  taken  to  market.  The  catch  also  included  27 
c^od,  11  codling,  all  but  1  marketable,  as  well  as  26  whiting,  1  coal-fish, 
1  pollack,  and  2  hake.  Two  other  hauls  were  taken  on  the  10th,  the 
depths  ascertained  in  the  first  being  12,  25,  and  28  fathoms  ;  this  haul 
la^ed  for  three  hours  and  fifteen  minutes.  The  catch  consisted  of  1080 
fiiahes,  ^3  being  marketable  and  117  unmarketable.  Plaice  and  haddocks 
were  best  represented.  The  former  numbered  326,  all  marketable,  there 
being  4  Urge,  150  medium,  115  thirds,  and  57  fourths.  There  were  438 
haddocks,  419  of  which  were  marketable,  and  they  almost  entirely 
conaisted  of  mediums.  Witches  numbered  197,  all  but  7  being  market- 
able ;  and  the  catch  included  5  cod,  1  hake,  2  brill,  and  38  long  rough 
dabe.  The  fourth  drag,  also  on  the  10th,  lasted  for  four  hours  and  fifteen 
minutes,  the  depths  being  15,  18,  and  25  fathoms.  The  catch  amounted 
to  947  fishes,  831  being  marketable  and  116  unmarketable.  There  were 
461  witches,  all  marketable  and  mostly  large ;  17  plaice,  all  marketable 
and  consisting  of  large  and  mediums ;  1  megrim  was  also  taken,  as  well 
as  a  number  of  dabs.  Among  the  round-fishes  were  312  haddocks,  of 
which  281  were  marketable,  279  of  them  being  mediums,  and  2  large. 
There  were  14  cod,  10  codlings,  a  hake,  and  a  gurnard. 

Altogether,  in  the  four  drags  taken  in  the  deepish  water  to  the  east  of 
the  Suters  of  Cromarty,  the  actual  duration  of  trawling  being  fourteen 
hours  and  thirty -five  minutes,  the  aggregate  number  of  fishes  caught  was 
5158,  of  which  4318  were  marketable  and  840  were  unmarketable.  The 
piurticulars  as  to  the  different  fishes  are  shown  in  the  following  Table, 
the  marketable  being  distinguished  from  the  unmarketable. 
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'  Cod      ^'^^- 
'  ^-^'*-     ling. 
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dock.  '    ing. 
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Pol- 
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I. 

n. 
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62         22 
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j              i 
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(> 

1,^20           1 

81           -           197 

2 

2 
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15 

20 

1 

Tot<il 

1 

6 

561 

2,001           1 
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2 

1 

51 

91 

«>  1 

The  vessel  then  proceeded  to  the  Dornoch  Firth,  where  some  hauls 
were  taken,  but  the  catches  were  not  as  a  rule  very  large.  The  first  was 
made  on  the  9th  February,  mostly  in  10  and  12  fathoms,  and  it  lasted 
for  four  hours  and  a  half.  The  number  of  fishes  caught  was  1195,  of 
which  942  were  marketable  and  253  unmarketable.  Plaice  were  most 
numerously  represented,  the  number  being  805,  of  which  740  were 
marketable  and  65  unmarketable ;  the  former  consisted  of  2  large,  106 
mediums,  260  thirds,  and  372  fourths  The  other  flat-fishes  included  1 
brill,  4  lemon  dabs,  199  common  dabs,  and  166  flounders.  Round-fishes 
were  practically  absent,  being  represented  only  by  2  small  haddocks. 
The  next  haul  was  for  an  hour,  with  the  small-meshed  net  around  the 
cod-end  of  the  otter-trawl.  In  the  latter  the  number  of  fishes  amounted 
to  277,  of  which  138  were  marketable.  The  plaice  numbered  240,  of 
which  115  were  marketable  and  125  too  small  to  be  marketable.  There 
were  also  18  flounders  and  9  small  common  dabs.  Round-fishes  again 
were  represented  by  only  2  small,  unmarketable  haddocks.  The  third 
drag  in  the  Dornoch  Firth,  in  from  about  4^  to  12  fathoms,  lasted  for 
four  hours  and  ten  minutes,  and  the  number  of  fishes  taken  was  950,  the 
number  marketable  being  624  and  the  unmarketable  326.  The  catch 
included  788  plaice,  most  of  them  being  small ;  312  were  too  small  to  be 
marketable,  and  of  the  476  marketable,  254  belonged  to  the  fourth  claas, 
143  to  the  third,  and  79  to  the  second  (mediums).  Among  the  flat-fishes 
were  also  no  less  than  140  flounders,  while  the  common  dabs  numbered 
8.  Haddocks  were  represented  by  a  single  unmarketable  specimen,  and 
there  were  no  other  round- fishes. 

Omitting  the  haul  with  the  sniall-meshed  net  around  the  cod-end  of 
the  otter-trawl,  the  total  number  of  fishes  taken  in  the  two  ordinary 
hauls,  representing  eight  hours  and  forty  minutes'  trawling,  was  2145,  of 
which  1566  were  marketable  and  579  unmarketable.  The  particulars 
in  regard  to  the  different  species  of  fish,  marketable  and  unmarketable, 
are  as  follows : — 
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The  numbers  of  the  different  kinds  taken  in  the  small-meshed  net  may 
be  contrasted  with  the  numbers  taken  in  the  trawl  net. 


Haddock, 

Whiting, 

Codling, 

Gurnard, 

Plaice,    . 

Common  Dab, 

Long  Rough  Dab,    . 

Small  or  Yellow  Sole, 

Herring, 

Sprat, 

Armed  Bullhead, 

Goby,  sp.. 

Sand-eel, 

Pipe-fish, 

Flounder, 

Angler,  . 

Thornback, 


In  otter- 
trawl. 

2 
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Net  outside 
Trawl  Net 

1 

— 
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•^  ** 

7 

— 

8 
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9 
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6 

6 

— 

8 
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— 

6 

— 

3 

— 

3 

— 

6 

18 

-— 

3 

— 

5 

277 


1576 


Iq  the  hour's  drag  a  total  of  at  least  1853  fishes  had  entered  the  trawl, 
o' which  it  retained  277,  while  the  remaining  1576  escaped  through  the 
meshes  of  the  trawl  and  were  retained  by  the  small-meshed  net.  The 
^olt  shows  that  haddocks,  both  big  and  little,  were  practically  absent 
^m  the  grounds  in  the  Dornoch  Firth  which  were  fished  over  at  the 
uQie ;  that  small  whitings,  too  small  to  be  taken  in  the  otter-trawl,  were 
P^Dt  in  large  numbers,  while  large  whitings  were  absent,  and  that  small 
^liog  were  there  in  inconsiderable  numbers.  No  codling  or  whiting 
were  caught  in  any  of  the  hauls  with  the  ordinary  net.  The  large 
noiDber  of  small  plaice  which  escaped  from  the  trawl  net  is  also 
noteworthy,  and  still  more,  the  common  dabs.  On  the  other  hand,  while 
18  flounders  were  taken  in  the  otter-trawl,  none  were  got  in  the  small- 
°i^bed  net,  the  smaller  flounders  not  making  their  way  into  water  of  6^ 
rathoms  depth,  but  remaining  close  in  on  the  beach  and  the  brackish 
^&ter.  The  abundance  of  large  flounders  in  the  deepish  water  at  this 
time  of  year  is  in  agreement  with  what  has  been  found  on  other 
occasions,*  and  is  referred  to  more  fully  below.  The  presence  of  young 
S^iroards  may  be  noted. 

After  leaving  the  Dornoch  Firth,  the  grounds  east  of  the  Suters  of 
Cromarty  were  again  visited,  as  above  stated,  and  an  attempt  was  then 
made  to  go  to  Smith  Bank,  but  owing  to  the  strong  wind  and  high  sea 
the  vessel  was  forced  to  turn,  and  it  then  proceeded  to  Aberdeen  Bay. 
Here  a  haul  was  made  off  the  Quarries,  on  February  1  Ith,  in  from  eight  to 
twelve  fathoms  of  water ;  it  lasted  for  an  hour,  the  small -meshed  net  being 
attached  as  described  above.  There  was  a  strong  north-west  breeze  and 
a  rough  sea,  and  the  number  of  fishes  taken  in  the  otter-trawl  was  only 
M,  47  being  marketable  and  13  unmarketable.  The  catch  consisted  of 
7  ood,  20  codlings,  all  marketable,  14  marketable  haddocks,  and  3 
whitings  among  the  round-fishes,  while  the  flat-fishes  were  represented  by 
oolj  7  oommon  dabs,  no  plaice  being  taken,  and  there  were  also  9  starry 
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A  Bocoud  haul,  for  three  hours  and  forty  minutes,  iii  from  10  to  12 
fathoms,  was  made  in  the  same  locality,  the  number  of  fishes  secured 
being  252,  an  extremely  poor  catch.  The  marketable  numbered  162  and 
the  unmarketable  90.  Bound-fishes  were  again  most  numerous ;  there 
were  5  cod,  35  codling,  all  but  3  marketable,  146  haddocks,  of  which  121 
were  marketable,  12  unmarketable  whitings,  and  6  gurnards.  Flat-fishes 
were  scarce,  and  consisted  of  3  medium-sized  plaice,  a  single  flounder,  and 
12  common  dabs. 

The  fish  contained  in  the  small-meshed  net  numbered  490,  and  belonged 
to  eleven  species.     The  particulars  for  each  of  the  nets  are  as  follows : — 
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Starry  Ray, 

9 
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1 
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The  quantity  of  fish  landed  ut  the  market  liy  the  vesttel  as  a  result  of 
this  trip  was  as  follows,  the  particulars  having  been  supplied  by  the 
Fishery  Officer;  the  total  weight  being  151|  cwts.  :— 


(*od.     Codling.    Coal-fisli.     Haddock.    Whiting.    Cnt-fish.     Angler.      Hake. 


Halibut. 
i 


Lemon  Da>>. 


Plaice.    Brill.    Common  Dab.     Witch,     (founder. 
52i         2i  3|  28^  4 


Tiirbot. 

i 

Skate. 
8 


Remarks  on  the  Maturity  of  the  Fishes. 


During  the  investigations  carried  on  in  February  a  number  of  obser- 
vations were  made  by  Dr.  Williamson,  who  had  been  requested  to 
determine  in  as  many  cases  as  possible  the  condition  of  sexuid  maturity 
of  the  fishes,  especially  by  using  pressure  in  the  ordinary  way  to  see 
whether  ripe  eggs  or  spermatic  fluid  could  be  squeezed  out,  or  to  note 
whether  the  fish  were  spawning.  In  the  hauls  made  at  Buighead  Bay 
between  the  7th  and  9th  February,  2  of  the  male  cod  taken  were  found 
to  be  quite  ripe,  but  none  of  the  females  appeared  to  be  ripe ;  the  number 
of  cod  caught  was  over  60.  The  ripe  males  were  obtained  about  four 
miles  off,  in  from  18  to  30  fathoms  of  water.  Of  4  coal-fishes  captured 
in  these  hauls,  3  were  males  and  1  was  a  female  \  the  3  males  were  ripe 
and  "  running  "  and  the  female  was  ripe  and  had  transparent  eggs. 

Some  of  the  plaice  which  were  taken  were  also  found  to  be  ripe,  though 
the  great  majority  were  immature.  The  number  measured  and  examined 
by  Dr.  Williamson  at  Burghead  Bay  was  1534,  and  of  these,  so  far  as 
could  be  observed,  3  males  and  5  females  were  ripe,  4  of  the  females  being 
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iu  reality  spent,  but  a  few  mature  eggs  could  still  be  squeezed  from  them. 
The  sizes  of  these  were  as  follows  : — Males,  392,  420,  440  mm. ;  females, 
o20,  530,  695,  626,  686  mm.  These  fishes  were  got  in  from  12  to  25 
fathoms.  Besides  these,  3  males  and  43  females  were  nearly  ripe,  the 
.sizes  of  which  were  as  follows,  in  millimetres  :  — 

Males— 396,  415,  436  mm. 

Females- 386,  :>88,  391,  392,  393,  400,  400,  403,  409,  412,  412,  415, 
419,  420,  420,  420,  420,  420,  431,  435,  440,  443.  445,  456,  457,  460, 
460,  461,  470,  476,  481,  4?«8,  601,  505,  508,  610,  530,  550,  664,  695, 
634,  665,  674. 

The  smallest  of  the  females  indicated  as  immature  measured  21*8  cm., 
and  the  largest  46  cm.  ;  the  smallest  of  the  male^  was  20*6  cm.,  and  the 
largest  43  cm. 

Four  nearly  ripe  female  plaice  were  also  obtained  in  one  of  the  hauls  in 
from  23  to  29  fathoms,  five  miles  off  the  Suters  of  Cromarty.  Their 
sizes  were  as  follows  : — 498,  511,  561,  704  mm. 

In  the  previous  year,  at  the  very  end  of  March  (30th  and  31st),  a  few 
spawning  and  spent  plaice  were  taken  at  the  outer  part  of  Dornoch  Firth, 
but  they  were  not  numerous.* 

In  a  previous  year  at  the  latter  part  of  January  and  in  the  middle  of 
February,  spawning  plaice  were  got  in  large  numbers  on  Smith  Bank  and 
a  little  to  the  south  of  it.t 

Only  one  ripe  haddock  was  found;  it  was  a  male,  one  of  62  large 
specimens  caught  iu  23-29  fathom<>,  five  miles  east  of  the  Suters  of 
Cromarty,  on  7th  February.  Haddocks,  however,  and  especially  large 
haddocks,  were  very  scarce  during  the  trip. 

Flounders,  which  were  taken  in  large  numbers,  were  not  as  a  rule  quite 
ripe.  Ripe  males  were  obtained  a  few  miles  off  Burghead  in  from  17  to 
25  fathoms,  and  ripe  males  and  females  were  taken  in  the  Dornoch  Firth. 
Most  of  the  females  were  full  and  nearly  rii>e,  but  not  spawning.  As 
previou.sly  stated,  flounders  migrate  to  the  deeper  waters  offshore  in  spring, 
for  the  purpose  of  spawning,  and  are  then  caught  in  the  trawl  in  considerable 
numbers.  A  large  one  was  caught  in  from  23  to  29  fathoms,  about  6 
miles  off  the  Suters  of  Cromarty.  In  the  Dornoch  Firth  as  many  as 
140  and  166  were  taken  in  single  hauls. 

None  of  the  turbot  or  brill  taken  were  ripe.  The  number  of  these 
fishes  got  at  Burghead  Bay  was  large,  viz.,  in  the  nine  hauls  146  brill 
and  2 1  turbot.  Five  brill  and  a  turbot  were  also  secured  in  the  deeper 
water  off  the  Suters  of  Cromarty.  In  one  of  the  hauls  off  Burghead,  37 
brill  were  captured,  in  another  21,  and  in  a  third  18.  All  the  specimens 
of  both  species  were  large  enough  to  be  marketable,  which  is  the  usual 
experience ;  and  their  abundance  was  no  doubt  associated  with  the 
presence  of  herrings  on  the  ground. 

II. 

At  the  end  of  March  a  series  of  trawlings  was  made  in  Aberdeen  Bay 
by  the  steam-trawler  *'Fifeness,"  from  the  morning  of  the  27th  to  the 
morning  of  the  29th.  Fish  were  remarkably  scarce,  with  the  exception 
of  cod  and  codling,  of  which  a  considerable  number  were  taken. 
Haddocks  were  practically  absent  from  the  grounds,  only  a  few  being  got. 
The  wind  during  the  continuance  of  the  work  was  from  the  south-east  at 
first,  and  later  from  the  south-west,  and  it  was  a  moderate  breeze.  The 
first  ordinary  haul  was  taken  in  from  6  to  10  fathoms,  between  Donmouth 
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and  "  Black  Dog,''  and  it  lasted  for  three  houre  and  five  minutes.  The 
total  number  of  fishes  caught  was  232,  consisting  of  208  marketable  and 
24  unmarketable.  Among  the  former  were  50  cod,  of  a  rather  small  size, 
known  as  ''halfcod,''  as  well  as  46  codling,  100  plaice,  all  but  2  market- 
able and  of  medium  size,  5  flounders,  a  common  dab,  and  30  starry  rays. 
The  second  haul,  for  four  hours  and  ten  minutes,  off  Newburgh,  in  6  to 
12  fathoms,  yielded  only  158  fishes,  the  marketable  numbering  135. 
They  consisted  of  29  cod,  38  codling,  23  plaice,  and  a  fow  others, 
including  62  starry  rays.  The  third  haul,  a  little  further  to  the  north,  in 
about  the  same  depths,  for  three  hours  and  fifty  minutes,  yielded  297 
fishes,  of  which  292  were  marketable.  Cod  were  less  numerous, 
numbering  4 ;  there  were  also  9  codling,  a  few  dabs  and  starry  rays,  and 
a  lumpsucker,  while  on  this  occasion  the  catch  of  plaice  was  relatively 
large,  viz.,  258,  most  of  them  being  medium,  and  9  large.  The  num- 
bers in  other  hauls  were  even  less. 

Altogether,  in  six  recorded  hauls,  representing  twenty  hours  and  thirty- 
five  minutes  of  actual  trawling,  the  total  number  of  fishes  taken  was 
only  1018,  consisting  of  937  marketable  and  81  unmarketable.  The 
particulars  are  as  follows,  the  marketable  being  indicated  on  the  first 
line : — 


1 

Cod. 

1               1 
Codling,     ^^l'    ;  Whiting. 

Plaice. 

Flounder. 

Cora. 
Dab. 

55 

21 

Starry 
Ray. 

1 

I. 
i       ir. 

1 

90 

119 

1 

1 
3      j        10 

7 

1 
1 

.567 
•2 

1 

84 
49 

133 

Total 

90 

120 

3              17 

1 

569 

10 

7« 

Two  hauls  were  made  with  the  small-meshed  net  around  the  cod-end, 
the  first  in  from  6  to  10  fathoms  between  Donmouth  and  **  Black  Dog," 
and  it  lasted  for  one  hour  and  ^ve  minutes.  The  number  of  fishes  in 
the  otter  trawl  was  only  30,  consisting  of  21  codling,  2  plaice,  2  whiting, 
and  5  starry  rays.  In  the  small-meshed  net  outside  the  cod-end  were 
154  small  dabs  measuring  from  29  mm.  (11|^  inches)  to  177  mm. 
(3  inches),  as  shown  on  page  252. 

The  second  haul  was  taken  in  deeper  water,  about  3  miles  off  Girdle- 
ness,  the  depth  being  from  18  to  25  fathoms,  and  it  lasted  for  seventy 
minutes.  In  the  otter  trawl,  which  was  torn,  there  wei-e  76  fishes,  and 
in  the  small-meshed  net  718,  as  follows :  — 


Codling,       .         .         .         . 
Ling,  .... 
Haddock,     .         .         .         . 

In  Trawl. 

9 
3 

19 

In  Small-mesliefl  Net. 

6 
314 

Whiting,     .         .         .         . 

Norway  Pout, 

Turbot, 

Plaice, 

3 

1 
14 

364 
9 

Lemon  Dab, 

6 

Common  Dab, 

21 

5 

Long  Rough  Dab, 
Herring, 

• 

16 
4 

76 


718 
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The  quantity  of  fish,  as  returned  by  the  officer,  which  was  landed  at 
the  market,  as  the  result  of  twelve  hauls  and  forty-one  hours  and  fifty- 
five  minutes  actual  trawling,  was  47  cwts.,  as  follows  :  — 

Cod.     Codling.      Ung.      Turbot.      Halibut.      Lemon  Dab.      Plaice.      Dabe.      Skate. 
171  8  i  i  i  i  ld|  2  2 

iir. 

The  next  series  of  trawlings  was  made  by  the  steam  trawler  "  Star  of 
the  Ocean''  in  the  Moray  Firth  at  the  end  of  September  and  the 
beginning  of  October,  and  the  trip  was  not  a  very  productive  one.  Fairly 
good  catches  of  plaice  were  obtained  in  the  Dornoch  Firth  and  at 
Burghead  Bay,  but  they  were  mostly  small,  and  marketable  haddocks 
were  scarce.  On  the  other  hand,  small  haddocks,  too  small  to  be 
marketable,  were  very  abundant,  and  the  same  was  the  case  with  small 
unmarketable  plaice. 

The  first  place  visited  was  Burghead  Bay,  where  a  haul  was  taken  on 
28th  September  for  two  hours  and  five  minutes,  in  from  5  to  12  fathoms 
of  water.  The  number  of  fishes  caught  was  2470,  of  which  803  were 
marketable  and  1667  unmarketable.  Haddocks  and  plaice  were  most 
abundant.  The  number  of  haddocks  taken  was  1423,  but  only  73, 
which  were  of  medium  size,  were  marketable,  the  other  1350  being  too 
small  for  market.  Of  a  total  of  738  plaice,  all  but  16  were  marketable, 
but  by  far  the  greater  proportion  were  small,  viz.,  711.  Among  the 
other  flat-fishes  were  2  brill,  a  lemon  dab,  and  208  common  dabs. 

The  vessel  then  steamed  to  the  Dornoch  Firth,  where  a  number  of 
hauls  were  made  off  Dunrobin  Castle.  The  first,  in  from  5  to  15  fathoms, 
lasted  for  four  hours  and  five  minutes,  the  total  number  of  fishes  taken 
l)eing  2909.  Most  of  them  were  unmarketable,  viz.,  1994,  while  the 
other  915  were  marketable.  The  catch  consisted  mostly  of  plaice  and 
small  haddocks.  The  plaice  numbered  2095,  of  which  828  were  market- 
able and  1267  unmarketable.  The  former  consisted  of  23  large,  30 
medium,  and  775  small.  Among  the  flat-fishes  were  fourteen  lemon  dabs 
and  1  witch.  All  the  haddocks  taken,-  549  in  number,  were  too  small 
to  be  marketable ;  all  the  52  whitings  caught  were  also  unmarketable. 
The  catch  included  19  cod,  57  codling,  11  of  which  were  unmarketable, 
51  gurnards^  and  a  number  of  dabs.  The  next  drag,  which  was  for  four 
hours  in  much  the  same  depth  of  water,  yielded  814  marketable  and  630 
unmarketable  fishes,  a  total  of  1444.  The  haddocks  numbered  424,  all 
but  24  being  unmarketable.  There  were  967  plaice,  of  which  215  were 
unmarketable,  and  12  lemon  dabs.  Rather  an  unusual  feature  was  the 
presence  of  19  mackerel  among  the  other  fishes.  It  is  not  very  uncom- 
mon for  an  odd  mackerel  to  be  taken  in  the  course  of  these  trawlings,  but 
tarely  so  many  are  captured.  The  next  haul,  in  from  about  6|  to  15 
fathoms,  and  which  lasted  two  hours  and  fifty-five  minutes,  yielded  the 
large  total  of  4833  fishes,  1172  being  marketable  and  3661  unmarketable. 
Haddocks  were  very  numerous,  the  total  being  2291,  but  only  36  of 
these  were  marketable ;  all  the  rest  were  thrown  overboard.  The  only 
other  round-fishes  present  were  3  codling,  1  whiting,  and  63  gurnards. 
Plaice  were  even  more  numerous  than  the  haddocks,  the  total  number 
being  2465,  and  1123  of  them  were  marketable  and  1342  unmarketable; 
of  the  former  7  were  large,  86  medium,  and  1030  small.  A  mackerel  was 
taken  in  this  catch  and  also  five  lemon  dabs. 

In  the  next  dra^^  in  from  6  to  15  fathoms,  which  lasted  four  hours  and 
fire  minutes,  the  laige  total  of  6447  fishes  were  caught,  1559  being 
marketable  and  no  less  than  4888  unmarketable.     Plaice  were   most 
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numerous,  the  total  number  being  3908,  of  which  1430  wore  marketable 
and  2478  unmarketable ;  the  former  included  2  large,  100  medium,  and 
1328  small.  The  number  of  haddocks  taken  was  1888,  of  which  122 
were  marketable  and  1766  unmarketable.  Five  codling,  2  lemon  dabs, 
and  a  number  of  common  dabs  and  gurnards  were  comprised  in  the  catch. 

The  succeeding;  two  drags  were  also  exceedingly  productive  as  far  as 
the  number  of  fishes  was  concerned.  In  one,  made  in  from  8  to  15 
fathoms,  and  lasting  for  four  hours  and  twenty-five  minutes,  the  total 
catch  amounted  to  5991,  of  which  916  were  marketable  and  5075 
unmarketable.  The  latter  filled  nearly  twenty  baskets.  The  number  of 
plaice  caught  was  1623,  754  being  marketable  and  869  unmarketable — 
the  great  proportion  of  the  former  being  small,  as  in  the  previous  drags. 
Of  4091  haddocks,  only  141  were  of  marketable  size,  100  of  them  being 
large  and  41  medium.  The  other  3950  were  thrown  away.  Eleven 
codling  were  taken  in  this  haul,  as  well  as  a  turbot,  6  lemon  dabs,  and  a 
number  of  unmarketable  common  dabs.  The  next  haul,  in  the  same 
locality  for  four  hours  and  fifteen  minutes,  yielded  3939  fishes,  of  which 
1378  were  marketable  and  2561  unmarketable.  The  plaice  numbered 
2552,  the  marketable  aggregating  1273  and  the  unmarketable  1279.  The 
other  fiat-fishes  were  11  lemon  dabs  and  67  common  dabs.  The  haddocks 
numbered  1118,  of  which  71  were  marketable  and  1047  unmarketable. 
Three  mackerel  were  taken  in  this  drag. 

Altogether,  in  the  six  recorded  hauls  in  the  Dornoch  Firth,  the  duration 
of  actual  trawling  being  23  hours  and  45  minutes,  the  aggregate  number 
of  fishes  taken  was  25,563,  of  which  6754  were  marketable  and  18,809 
unmarketable,  the  percentage  of  the  former  being  26*5  and  of  the  latter 
73*5.  The  proportion  of  the  unmarketable  fishes  was  thus  very  large 
and  far  above  what  is  usual.  In  the  February  hauls  the  proportion  was 
almost  exactly  reversed,  there  being  then  73  per  cent,  of  the  total  catch 
marketable  and  27  per  cent,  unmarketable.  The  particulars  of  the 
marketable  and  unmarketable  of  each  kind  of  fish  are  as  follows : — 


Cod. 

I 

1 

Codling. 

Haddock. 

Whiting. 

Gurnard. 

Plaice. 

Turbot. 

I. 
II. 

•  Total 

19 

1  i 

394 
9,967 
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19                89 

10,361     I      53 
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13,610 

1 

Common 
Dab. 
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Dab. 

WiUh. 

Ix)ng 

Hough 

Dab. 

Mackerel. 

Angler. 

Thorn- 
hack. 

I. 
II 

ToUl 

7 

828 

50 

• 

1 

23 

23 

• 

16 

21 
3 

835 

1 
50                1        1 

23 

23 

16 

24 

From  this  it  will  be  seen  that  the  total  number  of  haddocks  caught  in 
the  six  hauls  was  10,361,  and  of  these  9967,  or  96  per  cent.,  were 
unmarketable,  while  the  total  number  of  plaice  taken  was  13,610,  of 
which  7450,  or  54  per  cent.,  were  unmarketable.     The  difference  between 
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the  February  and  September  hauls  in  regard  to  the  numbers  of  small 
unmarketable  fishes  may  be  contrasted  by  comparing  the  numbers  taken 
per  hour's  fishing,  as  follows  : — 


February 
September 


Marketable.     Unmarketable. 

181  67 

284-4  791-0 


Total. 

248 
J  076-3 


The  proportion  of  small  plaice  and  especially  small  haddocks,  differed 
very  much,  as  the  following  figures  of  the  numbers  taken  on  each  occasion 
per  hour's  fishing  show. 


Haddock. 

1'L.MCB. 

Market- 
able. 

Unmarket- 
able. 

Total. 

Market- 
able. 

140-4 

Unmarket- 
able. 

ToUl. 

February,     - 

0-23 

0-11 

0-34 

43-5 

184 

September,  • 

16-6 

419-6        1 

436-2 

259-3 

313-7 

573 

The  circumstances  show  to  what  an  extent  the  capture  of  immature 
specimens  of  these  fishes  may  take  place  at  some  seasons  in  bays  by  the 
use  of  the  trawl-net.  All  the  young  haddocks  taken  in  this  way 
probably  perish,  and  there  is  no  doubt  that  the  great  majority  of  the 
young  plaice  perish  likewise,  although,  apart  from  previous  experiments 
recorded  on  the  point,  there  are  reasons  for  supposing  that  under 
favourable  conditions  a  considerable  number  may  survive.  Thus,  in 
February,  Dr.  Williamson  observed  that  some  of  the  small  plaice  which 
had  been  lying  all  night  in  a  basket  aloug  with  a  number  of  other  small 
fish  taken  in  the  small-meshed  net  were  alive  at  10.30  next  morning. 
When  placed  in  a  bucket  of  sea  water  they  swam  about  freely. 

After  leaving  the  Dornoch  Firth,  a  haul,  which  lasted  two  hours  and 
twenty  minutes,  was  made  outside  the  entrance  to  Cromarty  Firth,  the 
depth  being  about  twelve  fathoms.  The  catch  was  a  small  one,  consisting 
of  479  fishes,  of  which  182  were  marketable  and  297  unmarketable. 
Haddocks  were  present  in  greatest  abundance,  395  being  taken,  of  which 
141  were  marketable  and  254  unmarketable.  The  other  round-fishes 
comprised  2  cod,  7  codling,  2  small  whiting,  and  4  gurnards.  The  number 
of  plaice  was  61,  of  which  35  were  marketable  and  26  unmarketable ;  the 
only  other  flat-fish  represented  was  the  common  dab,  of  which  there 
were  6. 

Bulkhead  Bay  was  then  visited  and  a  number  of  hauls  taken  in  depths 
ranging  from  about  5  to  15  fathoms.  In  the  first,  in  from  5  to  12 
fathoms,  which  lasted  for  four  hours  and  thirty-five  minutes,  3901  fishes 
were  secured,  1479  being  marketable  and  2422  unmarketable.  Plaice 
and  haddocks  formed  the  bulk  of  the  catch.  Of  the  former  the  number 
obtained  was  1460,  of  which  1194  were  marketable  and  266  unmarketable 
— a  proportion  contrasting  with  the  condition  in  the  Dornoch  Firth. 
Small  haddocks  were,  however,  very  numerous,  for  of  a  total  of  1334 
haddocks  caught  only  29  were  marketable,  the  remaining  1305  being  too 
small  to  be  taken  to  market.     The  catch  included  among  round -fishes  1 
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cod,  7  codling,  13  whiting,  and  159  gurnards,  and  the  other  flat-fishes 
were  9  brill,  10  lemon  dabs,  7  witches,  and  866  common  dabs.  The  next 
haul,  for  four  hours  and  five  minutes,  in  from  8  to  12  fathoms,  was  less 
productive,  the  total  number  of  fishes  taken  being  791,  of  which  591 
were  marketable  and  200  unmarketable.  No  marketable  haddocks  were 
obtained,  and  only  56  unmarketable.  There  were  7  brill,  4  lemon  dabs, 
120  common  dabs,  and  559  plaice,  of  which  535  were  marketable  and  24 
unmarketable. 

Several  other  drags  were  made  in  the  same  locality,  in  some  of  which 
the  net  was  badly  torn  and  the  catches  were  small.  The  particulars  in 
regard  to  three  of  them,  in  which  this  did  not  occur,  are  as  follows.  In 
the  first,  in  from  8  to  14  fathoms,  and  which  lasted  for  four  hours  and 
twenty  minutes,  the  number  of  fishes  secured  was  2218,  those  marketable 
numbering  1162,  and  the  unmarketable  105G.  The  most  abundant  of 
the  fishes  was  plaice,  which  totalled  1220,  of  which  1012  were  marketable 
and  208  unmarketable.  Common  dabs  were  also  numerous,  the  total 
being  622,  but  492  of  them  were  unmarketable.  Other  flat-fishes 
included  1  turbot,  12  brill,  and  a  lemon  dab.  The  total  of  haddocks  was 
101,  only  5  being  marketable  ;  there  were  also  9  codling  and  216  gurnards. 
The  next  haul,  which  lasted  for  four  hours  and  fifteen  minutes,  and  was 
made  in  water  of  from  8  to  l.'(  fathoms  depth,  yielded  1569  fishes,  854 
being  marketable  and  715  unmarketable.  Plaice,  common  dabs,  and 
haddocks  formed  the  bulk  of  the  catch.  The  plaice  numbered  792,  of 
which  690  were  marketable  and  102  unmarketable.  Three  brill  and  a 
black  or  common  sole  were  also  taken,  as  well  as  268  common  dabs,  14 
witches,  and  5  lemon  dabs.  In  the  third  of  the  hauls,  lasting  for  ifour 
hours  and  a  half,  and  in  the  same  depths,  1898  fishes  were  obtained,  951 
being  marketable  and  967  unmarketable.  The  plaice  numbered  919,  of 
which  826  were  marketable  and  93  unmarketable.  There  were  416  small 
haddocks,  all  being  unmarketable.  Other  round-fishes  included  6  codling, 
103  whiting,  and  38  gurnard.  There  were  also  398  common  dabs  and  3 
lemon  dabs. 

In  the  five  drags  collectively,  the  time  of  trawling  occupying  21  hours 
and  45  minutes,  the  total  number  of  fishes  taken  was  10,377,  the 
marketable  numbering  5017,  or  rather  over  half  the  aggregate  number. 
The  particulars  of  the  marketable  and  unmarketable  of  the  various  kinds 
are  given  in  the  following  table  : — 
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Unmarketable. 

Total. 

•246-4 

4770 

31-8 

227-6 

101-0 

103-9 

The  average  nnmbers  per  hour's  trawling  of  the  total  fishes,  the 
marketable  and  unmarketable,  and  of  the  plaice  and  haddocks  are  as 
follows : — 

Marketable. 
All  kinds,     .  230-7 

Plaice,  .  195-7 

Haddock,      .  2-9 

They  furnish  a  strong  contrast  to  the   corresponding   figures   for  the 
Dornoch  Firth. 

The  quantity  of  fishes,  in  cwts.,  landed  at  the  market  as  the  result  of  this 
trip  is  given  in  the  following  Table,  the  total  amounting  to  123|  cwts  : — 

Cod.        Codling.        Haddock.        Turbot.        Halibut.      LomonDab.      Plaice. 

31  2  5  i  I  1  99 

Brill.        Common  Dab.        Witch.        Skates. 

Of  the  plaice,  there  were  5|  cwts.  of  large,  25|  cwts.  of  medium,  and  68 
cwts.  of  small. 

IV. 

At  the  beginning  of  November  another  series  of  hauls  was  made  in  the 
Moray  Firth,  mostly  at  Burghead  Bay  and  in  the  Dornoch  Firth,  but 
also  on  the  Caithness  coast.  The  weather  was  rather  stormy,  and  the 
vessel,  the  ^'  Cairntoul,"  had  to  be  run  for  shelter  to  the  Cromarty  Firth. 
The  fishing  turned  out  to  be  poor  from  the  market  point  of  view,  haddocks 
especially,  which  usually  form  an  important  item  in  the  catch,  being 
extremely  scarce. 

The  first  haul  at  Burghead  Bay,  in  from  8  to  10  fathoms  of  water,  was 
for  three  hours  and  five  minutes,  and  the  total  number  of  fishes  taken 
was  large,  viz.,  4331.  They  consisted,  however,  mostly  of  unmarketable 
fish,  the  marketable  numbering  780  and  the  unmarketable  3551.  Plaice 
was  by  far  the  most  important,  the  total  being  1005,  of  which  679  were 
marketable  and  326  too  small  for  market.  One  turbot  and  7  brill  were 
among  the  fiat-fishes,  as  well  as  a  few  common  dabs.  A  feature  of  the 
catch  was  the  large  numbers  of  small  unmarketable  haddocks  that  were 
taken.  They  totalled  2852,  whereas  not  a  single  haddock  of  marketable 
size  was  taken.  There  were  also  23  unmarketable  codling,  90  whitings, 
and  117  gurnards.  In  the  next  haul,  in  the  same  locality,  the  depth 
being  from  8  to  13  fathoms  and  the  duration  of  the  haul  three  hours  and 
fifteen  minutes,  3859  fishes  were  secured,  of  which  324  were  marketable 
and  3535  unmarketable.  The  former  were  made  up  entirely  of  plaice, 
with  a  few  dabs  and  two  thornbacks ;  the  plaice  numbered  altogether 
445,  of  which  301  were  marketable.  All  the  round-fishes  were  unmarket- 
able, and  they  comprised  2748  haddocks,  198  whiting,  47  codling,  and 
204  gurnards. 

The  total  number  of  fishes  taken  in  the  two  drags,  the  time  of  actual 
trawling  being  six  hours  and  twenty  minutes,  was  81 90,  of  which  1 104  were 
marketable  and  7086  unmarketable.     The  particulars  are  as  follows : — 
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1 
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!                II. 
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7 

9 
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7 
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437 

t 

9 

The  steamer  then  went  to  the  Dornoch  Firth,  where  some  hauls  were 
taken  on  the  usual  ground.  The  catches  here  contrasted  with  those  at 
Burghead  Bay  in  that  round -fishes  of  marketable  sizes  were  present, 
though  not  in  great  numbers,  but  the  small  haddocks  were  still  abundant. 
The  first  drag,  in  8  to  13  fathoms,  which  lasted  for  three  hours  and  ten 
minutes,  yielded  2557  fishes,  of  which  188  were  marketable  and  2369 
were  unmarketable.  There  were  7  cod  and  12  codling,  all  marketable, 
and  the  haddocks  numbered  2358,  consisting  of  88  which  were  market- 
able and  2270  which  were  unmarketable.  There  were  also  14  marketable 
whiting,  1  coalfish,  and  27  gurnards.  The  plaice  numbered  only  69,  51 
of  which  were  marketable,  and  the  other  fiat-fishes  comprised  14  lemon 
dabs  and  55  common  dabs. 

The  next  haul,  in  from  6  to  10  fathoms,  which  lasted  for  three  hours 
and  twenty  minutes,  yielded  1013  fishes,  consisting  of  227  marketable 
and  786  unmarketable.  The  catch  included  2  cod,  29  codling,  11  of 
them  marketable,  118  whiting,  mostly  small,  and  14  gurnards.  The 
haddocks  numbered  641,  of  which  59  were  marketable  and  582  unmarket- 
able. The  plaice  comprised  143  marketable  specimens  and  39  unmarket- 
able, and  there  were  a  few  common  dabs. 

In  the  two  drags  made  in  the  Dornoch  Firth  and  completely  recorded, 
the  actual  time  of  trawling  being  six  hours  and  a  half,  the  aggregate  catch 
was  3570  fishes,  of  which  415  were  marketable  and  3155  unmarketable. 
The  particulars  as  to  the  marketable  and  unmarketable  of  the  different 
species  are  as  follows  : — 


r— — 
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Coal-fish. 
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I. 
II. 
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41 

251 
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81 

1 

On  leaving  the  Dornoch  Firth  the  vessel  steamed  up  the  coast  and 
took  some  hauls  off  Lybster  and  Noss  Head ;  the  weather  was  bad  and 
the  catches  poor,  though  a  number  of  cod^  were  obtained.  In  a  haul  for 
three  hours  and  twenty  minutes  off  Lybster,  in  from  about  18  to  30 
fathoms,  the  total  number  of  fishes  caught  was  356,  of  which  110 
were  marketable.  There  were  40  cod  and  63  codling,  all,  except  one,  of 
marketable  size,  but  haddocks  were  scarce,  only  28  being  taken,  and  all  of 
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them  unmarketable;  there  were  also  13  unmarketable  whitings,  10  plaice, 
and  202  gurnards.  The  catch  off  Noss  Head  was  not  completely 
recorded,  but  it  included  a  number  of  cod  and  codling,  and  three  baskets 
of  gurnards. 

The  weather  at  this  time  was  very  bad,  a  strong  wind  blowing  from  the 
south-east,  and  the  sea  was  high.  The  vessel  left  the  Caithness  coast 
and  steamed  to  Burghead  Bay,  where  some  more  hauls  were  taken. 
Fairly  good  catches  of  plaice  were  got,  but  marketable  round-fishes  were 
practically  absent,  while  the  small  unmarketable  haddocks  were  much 
less  abundant  than  on  the  previous  visit  a  few  days  before.  The  first 
drag,  in  from  about  6  to  10  fathoms,  lasted  for  four  hours  and  five 
minutes,  the  catch  numbering  1026  fishes,  of  which  541  were  marketable 
and  485  unmarketable.  The  marketable  fishes  were  confined  to  flat-fishes, 
viz.,  2  brill,  535  plaice,  and  4  common  dabs;  there  were  also  21 
unmarketable  plaice  and  71  unmarketable  dabs.  There  were  332  small 
haddocks,  22  small  whitings,  and  36  gurnards,  all  unmarketable. 

The  number  of  fishes  taken  in  the  second  haul,  in  from  about  5  to 
9  fathoms,  and  which  lasted  for  four  hours  and  five  minutes,  was 
1858,  the  marketable  amounting  to  1037  and  the  unmarketable  to  821. 
Among  the  round -fishes  were  1  cod,  5  small  codling,  606  haddocks,  all 
small  and  unmarketable,  52  unmarketable  whiting,  and  19  gurnards. 
The  flat  fishes  comprised  3  turbot,  2  brill,  1046  plaice,  of  which  1015 
were  marketable,  1  witch,  and  116  common  dabs.  In  the  third  haul,  in 
the  same  locality  and  depth,  the  number  of  fishes  taken  amounted  to 
1029,  the  haul  lasting  for  four  hours.  The  number  marketable  was  723, 
and  there  were  306  unmarketable.  With  the  exception  of  one  codling, 
all  the  marketable  fishes  consisted  of  flat-fishes.  They  comprise  d4 
turbot,  7  brill,  695  plaice,  and  16  common  dabs;  there  were  also  38 
unmarketable  plaice  and  115  unmarketable  dabs.  The  round-fishes 
included  9  codling,  57  unmarketable  haddocks,  15  whiting,  and  71 
gurnards. 

Altogether  in  these  three  recorded  hauls  in  Burghead  Bay,  the  actual 
duration  of  the  trawling  operations  being  12  hours  and  10  minutes,  the 
aggregate  number  of  fishes  captured  was  3913,  of  which  2301  were 
marketable  and  1612  unmarketable.  The  particulars  as  to  the  market- 
able and  unmarketable  of  the  various  species  are  given  in  the  following 
Table  :— 

Cod.      Ccdling.      Haddock.      Whiting.      Gurnard.      Turbot.      Brill.      Plaice. 
11-  -  -  7  11         2,245 

13  996  89  126  .  .  90 


1  14  995  89  126  7  11         2,335 

Common  Dab.       Witch.      Lonff  Rouffh  Dab.      Angler.      Thomback. 
32  1  .  -  8 

290-5  4  • 

322  1  5  4  3 

^8  a  result  of  the  week's  working  in  the  Moray  Firth,  during  which 
i  9  hauls  were  made,  the  total  quantity  of  fish  landed  at  the  market  by 
the  vessel  was  66^  cwts.  As  already  stated,  the  weather  was  severe 
daring  most  of  the  time  and  the  steamer  had  to  run  for  shelter  on  two 
occasions.  The  quantities  of  the  difTerent  kinds  of  fish  landed  were  as 
follows : — 

Cod.        Codling.        Saithe.        Haddock.        Catfifih.       Turbot.        Lemon  Dab. 
lOf  3  A  Hi  »  \ 

Plaice.        Brill.        Common  Dab.        Witch.        Thomback. 
44i  1  1|  1|  2 


Fart  IJI.—Tvmty-jimTih  AnmuU  Report 
TRAWLINQ  INVESTIGATIONS— TABLE  L 


TnnpMatan. 

tow^" 

7]>h  Oauehk 

Flua 

n.t«. 

DapUi 

1 

1 

In 

Nd- 
MukaC 

KmmtA 

J_ 

Ftu». 

1. 

1 

"""•• 

Ihrown 

ToW 

1.    BoIRh- 

^ 

6-12 

1 

t 

WlDdW,;U 

i»3ft:,. 

Sift,,,.    ;! 
::   1  :: 

Whldng,    ., 

IS 

■5 

18 

M 

Ort-ltah 

HllibDl,      ..          .. 

XurboC    ,.       .. 

Drill 

IS 

Ti  ;; 

lat 

in 

100 

Lenion  Dub,        '.'. 

I 

0<»m.D.b... 

FloundK 

Herring.    .. 

s 

AnKtarf    ..        .. 

IS 

ni 

«> 

tst 

■■ 

T.U 

it.4n 

Wind     W.  h 

HiddooL  (ij, 

::    a    :: 

WhllirlK,   .. 
TurbotT    ..        .. 

puiiia),:: 

Wltth(l),     . 

HI 

M6 

ITS 

OS 

tnahbncB 

Oom.  l»h, 

190 

ThombKfci., 

Angler,      .. 

s 

Tl! 

BO 

7M 

>■ 

5.0 

Cod, 

CodilnR,    -,         .. 

ST 

S8 

878 

E 

Com.  Itab 

H9 

IM 

Flounder 

ThornbiKii. 

Angler,      .. 

TAB 

Wl 

803 

of  the  fishery  Board  for  Scotland. 
TRiWLING  INVESTIGATIONS— TABLE  I. 


T«.pe»l 

»». 

Ti™.T«wl 

Fl. 

hn«,eh.. 

Deplh 

FlMM. 

OtU. 

J 

I 

In 

No. 

Remuki. 

* 

1 

Huna. 

takiDto 

ToUil 

_5_ 

J_ 

g 

Uukit. 

boll^ 

im. 

OS 

Feb.  r. 

45  « 

m 

U-0 

LW 

Ood, 

la 

'sss-'— • 

B^tmd 

pm. 

p.111. 

CodUnf.    ,.         ., 

fcf- 

10 
Ul 

—as 

■« 

*i 

o2?B^' ;: 

2 

Turbot,      -.        .. 

KK;..    :: 

LunoaDabfl),   .. 

3 

,.        W,  -. 

■ 

Wlioh  (1), . . 

iS 

..    (*).  ..        .. 

371 

Com.D.b„. 

Ml 

nerrinB,'.'.' 

Thomb.cl[, 

13 

17-11 

&«) 

lais 

AoBltr 

a.,.:: 

i? 

IT 

NlntborrMnllUa 

1,011 

£94 

i,2oa 

P.IIL 

cr»bi  nn  Ukan. 

Hiddnik  (1), 

..      (31.         ,, 

—  as 

M 

iis 

vmtine,    . 

SD 

cwiih 

Turbot, 

Brill, 

11 

PUKill),..        .. 

II  (st;; 

w 

.,    (»X.. 

w 

is* 

Lnoon  Dab. 

s 

W"cli(l),  .. 

aj 

CoDLltal,,,. 

St 

LOHK  Rough  U.b. 

Tliornb»<*. 

ru>.  a 

7-V> 

*.M 

Anglw 

Ood 

Oodline.    .. 

« 

» 

M 

OF  the  pUiM  then 
wen  *  kiit«  >nd 

1,081 

am 

i,(«a 

■mili' 

. 

s 

<B>r- 

Turbot,      .. 

a.  ■■ 

is"";    :: 

C«i>.D»b 

[-DKE(itighft.b, 

—  to 

I8L 

1 
11 

i  Inikaia  thirda. 

U«rtn«, 

1 

Haglti 

Thorabnok. 

BartrSUy. 

Cuckoo  Itay.       .. 

SSI 

Iftl 

1.013 

1 

Part  III. — Twenty-fonrlh  Annual  Repori 
TRAWLING  INVESTIGATIONS— TABLE  I. 


T*mpe»tUK. 

Down. 

FlihCuighl 

Rnnukt 

1 

^ 

1 

1 

i 

Hwm 

tUrttk 

a 

No. 

Uls?: 

Feb-S. 

4S-0 

«-5 

IS-M 

..m. 

L30 

Codilni,    '. 

"•r"<y 

Cut-nth.     . 

Turbot,      , 

r*monD.h 

30 

—  00 

H 

■j 

87 
IS 

Thepl«ioecoi 

'a-"™"^ 

'i 

SM 

108 

TOT 

8.       .. 

7-10 

p.m. 

8.0 

IlKldock,  , 
Turbotf'   : 

LBtnoaCb 
OcHii.Dab,. 
Klouniler, . 
Long  BdoiIi 

81 

D.b; 

; 

n 

2 

1 

Thomlnck. 

»M 

33 

so; 

.    „ 

- 

IS-IT 

IpLin. 

p.^. 

Whltilut,    . 
Cit-fl»h,     . 
TarboC,      . 
Brill,          . 

witch, 

com.  Ub. 
Lonj  Rough 
IlenlDic,    . 

1* 

as 

7S 

"8 

8.1 

of  the  Fithery  Board  for  Scotland, 
TRAWLING  INVESTIGATIONS— TABLE  I. 


TlmBTr».l|                             KuhCiuBht. 

1 

No. 

1 

^ 

^ 

'o"" 

ToU] 

i^ 

M^keU 

boart. 

use. 

■-rtr. 

;:   'r:    .: 

„     (21.  ..          .. 
Lnnon  DaU 

"?S::    :: 

I 

—  a 

no 
m 

— 7« 

is 

Ul 

i» 

as 

IB 

'lltf.o 

in« 

(rO 

t« 

t» 

p.m. 

Whiirnj,  .. 
Co.ilBlh.    .. 
PdUck,     . 
Hake,        .. 
Oumiird,  .. 
BrlU, 
PUicelll 

Lemon  Dib, 

wituhii)..:    .. 

.,     HI... 
Qnj  Bkiic, 

as 
*  J 

— I7S 

SB 

11 
a 

4B3 

nil 

883 

177* 

Dng* 

«-l 

tvi 

AM 

ftm 

11,1*. 

Lemon  Dab, 
HoundiT,'.! 

1 
IDS 

IflD 

ws 

isa 

IIBS 

Part  III, — Tu-aity-Jourtk  Annual  Seport 
TRAWLINO  INVESTIGATIONS— TABLE  I. 


Tlm,T™,l 

n* 

Ought 

PlkOL 

Dcptb 

IM& 

:s 

Ko, 

nU. 

■i 

s 

Huiia. 

Imkento 

Orer- 

So. 

<      1 

& 

J_ 

^ 

Hirket 

bo«4 

1  ■».    :   1 

tint 

BDAll-DiMhwl 

FlSrn                         ,           j 

i» 

P.1IL 

ixm. 

Tlii    ^i 

1                         1 

!          Ill 

iefi 

Flounder 

~18 

Con-Ditb,.. 

» 

AfWlT      '..          .. 

1 

Tboniback, 

"i 

lU 

ua 

J7T 

F.h.  la 

" 

<tto 

9.1D 

Hiddock 

IK 

■.m. 

'Tl;;  ;: 

i« 

TSS 

:               1 

Com.  Dkh,. 

Flounder,..        .. 

HO 

, 

Angler,      .. 

■ 

! 

1 

j 

B 

ID 

1 

1 

AH 

KB 

BW 

16     nv. 

«0 

S.O 

Curt, 

B 

t 

nillHtrut 

t» 

tm. 

U^ldookgj,        ., 

Sutcnot 

— ii» 

is 

iis 

C™*ftj 

1 

WhlUnj,    .. 

Hmke."     .          .. 

1     j 

"t 

I 

1 

Brill,          ..        . 

uo 

sin 

Wiwh.(i).. 

cam.  1Mb... 

1 

Ftounder 

Long  Rough  Dab, 

'm 

■§ 

Thonib«ck, 

• 

Bel 

in 

loeo 

la 

r.bii. 

1 
■  1  ■■ 

,    lit 

itw 

*« 

CodiinE,    . 

„ 

10 

■r-'SI: 

—Ml 

SI 

sis 

WhlUng,   .. 

Hrt..  "     ., 

1 

Oom.0iim«rd,     ,. 

"i 

1 

Pl.iMO)... 

1 

.,  w. ..     .. 

—  It 

iT 

witch  (11.  .. 

,.    PX. 

— «ai 

Wl 

Meerlu..    .. 

Com.  D-b, 

' 

j 

ist?-":'-.-. 

'is 

11 

ta 

'        1                1 

TbomlMk, 

19 

la 

»4T 

of  ihs  'Fvikety  Bowrdfot  ScoUaiid. 
TEAWUNG  INVESTIGATIONS— TABLE  L 


I    I 


WhLlinB,    .. 


Com.  Dub,.. 
Lona  Rouf  h  Dab. 
Angler, 


Bmddock  m. 
WhlUng,  .. 
CoiD.  C^mant. 

suit;  Bur, 


Nclbadl}  >^ILu 


40 


Part  III, — TwerUy-fourtk  Annual  Report 


TRAWLING  INVESTIGATIONS— TABLE  L 


PUoc 


1.   Aber- 
de«n  Bay 
between 
Don- 
mottth 
andUack 
Dog. 


Date. 


Temperature. 


I 

CO 


1005. 
Mar.  27. 


58 


8.    Off 

Newburgh. 


i.    Off 
Newburgh 
and  OM 
CasUe. 


6.  Cruden 
Bay. 


Mar.  27 
and  28. 


Depth 

in 
Fms. 


6-10 


Thne  Trawl 
Down. 


o 

CO 


1 

X 


a20 

a.m. 


7.26 
a.m. 


8.0 
a.in. 


11.6 
a.m. 


ft-12 


11.56 
a.  in. 


4.5 
p.m. 


5^-11 


4.80 
p.m. 


&20 
p.nL 


6-11 


8.  SO    12.45 
p.m.  ;  a.m. 


Fish  Caught 


Name. 


Codling,  .. 
Whiting,  .. 
Plaice  (t).  . . 
Starry  Bay, 


Cod, 

Codling.  . . 
Plaice  (2),  .. 
(lounder,  . . 
Com.  Dab, . . 
Starry  Ray, 


Cod, 

Codling,  . . 
Whiting.  .. 
Plaice  (2).  . . 
Flounder.  . . 
Com.  Dab. . . 
Starry  Ray. 


Cod. 

Codling,  .. 
WhiUnjf,  .. 
Plaice  (I),  . . 

Com.  Dab. . . 
Starrj-  Ray, 
Lumpsucker, 


Cod, 

Codling,    . . 
Whiting,   .. 
Plaice  (1), 
M      (2).    . 

Flounder, 
Starry  Ray, 


No. 
taken  to 
Market 


No. 
thrown 
Over- 
board. 


21 

2 
5 


28 


60 

46 

98 

4 

•  • 

10 


206 


29 

38 
1 

23 
3 
1 

40 


186 


4 

9 

9 
249 
— 258 
14 
7 


292 


2 

4 

o 

7 
168 

— 1/0 
2 
IS 


198 


2 

1 

1 

20 


24 


22 


23 


1 
3 


Total 
Na 


2    ; 


21 
2 
2 

6 


80 


60 

46 

100 

5 

1 

80 


232 


29 

38 
2 

23 
3 
1 

62 


158 


4 

10 
3 


268 

14 

7 

1 


297 


2 
4 

a 


170 

2 

28 


208 


Remarki 


Small-medied 
periment. 

Wind  8.E.: 
breeze;  Ma  I 
rate. 


of  tilt  Fislxry  Board/or  Scotland, 
TRAWLING  INVESTIGATIONS— TABLE  1. 


I    i 


.    CodllDir,    .. 
naddodi. 
WtallLng,   .. 
PUi«(E.    , 
Com.  Dab,.. 


Mirkct    botrd. 


Codling.    . 
whltlnjc,   . 


wind  a.  w. 


Part  III, — Twenty-fourth  Annual  Rejporl 
TRAWLIKG  INVESTIGATIONS— TABLB  1 


Ho.     tbrowti    . 
IhrkaL   bnnL 


WhiUnr.  . 
Onniua,  . 
Biin, 

FUce  ra. 


firth, oO 
Outl*. 


Hoddook,  . 


Wlloh, 

CODi-Dkb,.. 


Umddookllj, 

WhitiriK.    .. 
Buy  Ouraatd. 

:  \lc 


WindNE.^iDddB- 


oj  the  Fishery  Board  for  ScotUmd. 
TRAWLING  INVESTIGATIONS— TABLE  L 


TinieTr..! 

fUb  Cioithl. 

1 

No. 

i 

a 

Unrket. 

n,. 

„. 

F«uc«|Uidi. 

MW. 

Grey  Ournard.     . 

Til;:  ;: 

LcDIOd  Dib. 
Com.r»b, 
Angia 

IKS 

sa 

MM 

ISM 

(sas 

MtT 

Hlo 

KM 

mw 

There     wen     19| 

p.111. 

.,       (2).       .. 

TS;;  ;; 

Lemon  D«b  (H),   .. 
Th(m.b»ei',' 

38 
709 

177 

177 

no 

W7S 

6981 

•■ 

a-i 

HD 

8*0 
U 

ft.m 

IlDi 

^&  ;; 

LoDon  Dub, 
Com.  Dab,..        .. 

xanb^ok.         .. 

— im 

168 

866 

ISTB 

IMl 

sm 

Utt 

(S.       .. 

Tiih* ;; 

100 

1 

306 

u 

Ony  BkUa. 

IBS 

rar 

17B 

. 

Part  III. — Twejity-fourth  Annual  JUport 
TRAWLING  INVESTIGATIONS-TABLE  I. 


i  I 


Mvket.   board. 


Brtli".    *^* 
Plii!«  (1),  . 

;:  ft- 


Hwldack,  .. 
WhiUna,  ., 
GuTDud,  .. 


An^fir,  ' 


of  the  Fithery  Board  for  Scotland. 
TRAWUNG  mVESTIOATIONS-TABLE  I. 


Nd.       thrami     . 
HtrkeL  boud. 


TS,. 


BHJl 


Plkin  (I), '. 


Lonic  Rough  Dmb, 


WUUds,  .. 
GnrQunuRl 
Brfli, 

Plaice  (1),  . . 


Wlich  (1).  ■  ■ 

Lane  Bonaii  Dtb, 
BluikBole, 


Grey  Ounu 


Part  Til. — TioetUy'/ourth  Annual  Report 
TRAWLING  INVESTIGATIONS— TABLE  L 


,    I    I 


I    I 


HnddooL.  '. '. 
Oumwil',  '.. 
Brill, 

PlliMjBX.- 

Com.  Dob. 


IJnddouk.  '. 


Whiting.   . 
Plaice,    '   '.'. 


Ounuitl, 
Plil«, 


of  the  Fishery  Board  for  Scotland. 
TRAWLING  INVESTIGATIONS-TABLE  I. 


I    I 


Wind  H-B.,  Mnng 


Wlrul  E.N  E. : 


48  Part  III. — Twenty-foicrth  Annual  Report 


II.— OBSERVATIONS  ON  THE  OTOLITHS  OF  SOME 

TELEOSTEAN   FISHES. 

By  Thomas  Scott,  LL.D.,  F.L.S.,  Mem.  Soc.  Zool.  de  France. 

(Platbs  I.-V.) 


Contents. 

PAGE. 

(1)  Preliminary  Remarks, 48 

(2)  List  of  Fishes  whose  Otoliths  are  described,  52 

(3)  Systematic  description  of  the  Otoliths,    ...  53 

(4)  Literature  bearing  on  the  Otoliths  of  Fishes,  .  80 


I. — Preliminary  Remarks. 

Rather  more  than  twenty-five  years  ago  a  portion  of  my  leisure  was 
devoted  to  a  study  of  the  post-tertiary  and  surface  geology  of  the  Clyde 
Valley.  Consequently,  the  rich  fossiliferous  beds  that  were  exposed 
about  that  time  in  connection  with  the  excavations  for  the  James  Watt 
Wet  Dock  at  Greenock  were  of  special  interest  to  me  as  well  as  to  all 
engaged  in  this  study.  It  was  about  that  time  and  in  connection  with 
these  researches  that  my  attention  was  first  directed  to  those  curious 
bodies  known  as  the  otoliths,  or  ears  tones  of  fishes. 

These  studies  had  made  me  acquainted  with  the  late  Dr.  David 
Robertson,  of  Glasgow,  and  subsequently  of  Millport,  whose  name  is  so 
intimately  associated  with  the  Marine  Biological  Station  at  the  latter 
place.  This  gentleman,  who  already  possessed  large  collections  of 
natural  history  objects  of  various  kinds,  had  among  them  an  extensive 
series  of  the  otoliths  of  recent  and  known  fishes,  and  these  collections  I 
had  the  frequent  privilege  of  inspecting. 

If  I  remember  rightly,  one  of  the  reasons  which  induced  Dr.  Robertson 
to  make  this  collection  of  otoliths  was  that  such  objects  were  expected  to 
occur,  or  had  already  been  noticed,  in  the  fossiliferous  clays  then  under 
examination,  and  that,  therefore,  a  familiarity  with  the  recent  forms  might 
help  in  identifying  the  kinds  of  fishes  such  fossil  otoliths  might  belong  to. 

With  Dr.  Robertson's  assistance,  always  freely  given  to  those  engaged 
in  natural  history  pursuits,  I  soon  became  interested  in  these  things. 
Later  on,  when  carrying  out  the  work  assigned  to  me  by  the  Fishery  Board 
for  Scotland,  the  food  of  fishes  engaged  my  attention  from  time  to  time, 
and  in  order  to  obtain  the  information  desired  it  was  necessary  to 
examine  the  stomachs  of  many  of  the  fishes  captured.  As  this 
examination  proceeded  it  became  manifest  that  small  fishes  were  often 
captured  by  the  larger  specimens  for  food,  as  their  remains  sometimes 
formed  a  considerable  proportion  of  the  contents  of  the  stomachs  examined. 
Frequently,  however,  the  otoliths  or  earstones  were  the  only  parts  that 
remained,  or  that  were  least  afi'ected  by  the  action  of  the  digestive  fluid; 
it  was  therefore  obvious  that  a  familiarity  with  the  earstones  of  fishes 
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already  known  might  be  useful  as  a  means  whereby  we  could  ascertain 
what  was  the  species  of  fish  that  those  found  in  the  stomachs  belonged 
to. 

Of  course,  the  usefulness  of  the  earstones  for  this  purpose  depends  on 
whether  the  difference  between  those  of  one  species  of  fish  and  those  of 
another  is  sufficiently  distinct  and  constant,  either  in  their  size,  form,  or 
sculpture.  This  information,  however,  could  only  be  acquired  by  the 
comparative  examination  of  the  earstones  of  many  kinds  of  fishes  and 
also  of  large  and  small  examples  of  the  same  kinds.  Unfortunately,  I 
have  not  been  able  to  give  so  much  attention  to  this  research  as  it 
deserved,  nevertheless  a  good  d6al  of  time  has  been  devoted  to  it,  and 
though  the  results  have  been  in  some  respects  disappointing,  several 
interesting  facts  have  emerged  which  will  be  referred  to  presently. 

The  earstones  of  about  seventy  species  of  6sh  are  described  in  the 
sequel  and,  with  one  or  two  exceptions,  the  descriptions  are  illustrated 
by  enlarged  photographs.  Before  proceeding,  however,  to  describe 
the  various  forms,  the  following  remarks  may  not  be  out  of  place,  and 
the  first  thing  I  wish  to  refer  to  is  the  position  of  the  earstones. 

The  earstones  or  otoliths  of  teleostean  fishes  are  contained  within 
special  chambers — the  ear-chambers — one  on  each  side  of  the  head  and 
situated  between  the  eye  and  the  base  of  the  skull.  There  are  usually 
several  stones  in  each  chamber,  one  being  comparatively  large  and  the 
others  very  small.  The  form  of  the  large  stone  is  generaUy  well  defined, 
but  the  others  are  irregular  in  shape,  and  therefore,  in  this  paper,  the 
term  eardone  or  otolith  will  refer  only  to  the  large  stone.  The  otoliths 
are  not  outgrowths  from  adjoining  parts  of  the  skull,  but  are  free  within 
the  ear  cavity,  and  are  covered  by  a  thin  membrane  to  which  nerves  are 
attached. 

I  have  endeavoured  to  ascertain  whether  the  size  of  the  earstones  was 
in  any  way  correlated  with  the  intensity  of  the  sense  of  hearing,  that  is, 
whether  the  possession  of  large  or  small  earstones  was  an  indication  of  a 
higher  or  lower  development  of  the  sense  of  hearing,  but  have  been 
unable  to  obtain  any  positive  evidence  bearing  on  this  question.  For 
ezfimple,  haddock,  coal -fish  (especially  in  the  earlier  stages),  lythe,  and 
also  cod  have  their  sense  of  hearing  tolerably  acute.  This  was  demon- 
strated over  and  over  again  at  the  Eothesay  Aquarium,  and  these  fish 
have  laree  earstonea  The  conger,  on  the  other  hand,  which  has  com- 
psratiyefy  small  earstones,  appears  to  be  a  dull  and  listless  fish.  But  it 
has  been  noticed  that  lumpsuckers,  and  more  especially  the  young  of  that 
species,  have  a  keenly  intelligent  look,  yet  their  earstones  are  extremely 
small  compared  with  the  size  of  the  fish. 

The  position  which  the  earstones  in  situ  occupy  in  relation  to  the  head 
of  the  fish  has  been  observed  in  a  number  of  cases,  and  is  referred  to  in 
the  descriptive  part  of  the  paper.  It  may  be  stated  here,  however,  that 
in  the  majority  of  species  where  careful  observation  could  be  made,  it 
was  observed  that  the  two  earstones  were  placed  lengthways,  or  nearly  so, 
with  the  head.  They  were  not,  however,  usually  parallel  to  each  other, 
bat  diverged  more  or  less  posteriorly.  In  the  case  of  many  of  the  larger 
fishes-— except  the  Pleuronectidse — the  earstones  are  elongated,  and  have 
<me  end  truncated,  often  obliquely,  and  the  other  end  angular  or  produced 
to  a  more  or  less  sharp  point,  as  is  well  exemplified  by  those  of  the 
whiting.  The  truncated  end  is  usually  directed  towards  the  front  of  the 
iMad,  but  there  are  a  few  fishes,  such  as  the  herring  and  some  others, 
whare  the  anterior  end  is  pointed.  It  may  also  be  remarked  that  the 
Mntones  in  these  larger  fishes  have  frequently  one  side  concave  and  the 
oUier  convex.     The  convex  sides  usually  face  each  other,  and  are  com- 
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paratively  smooth,  while  any  sculpture  with  which  the  earstone  may  be 
ornamented  is  more  frequently  found  on  the  outer  or  concave  side.  The 
upper  margin  of  the  earstone  is  also  the  one  which  is  likely  to  have  the 
edge  notched  or  crenulated,  whereas  the  lower  margin  is  often  tolerably 
even  and  gently  curved. 

The  earstones  of  the  PleuronectidsB  are  generally  more  or  less  circular 
aud  sometimes  nearly  circular,  in  other  cases  they  are  broadly  oval,  and 
they  are  nearly  always  flat  and  thin.  Their  true  position  in  relation  to 
the  head  is,  for  this  reason,  and  also  because  of  the  remarkable  change 
that  takes  place  in  order  that  both  eyes  may  be  accommodated  on  the 
same  side,  not  so  obvious  as  in  the  case  of  those  whose  eyes  retain  their 
normal  position. 

Secondly,  a  few  general  remarks  about  the  size,  structure,  and  form  of 
the  earstones  of  different  fishes  and  their  value  as  a  means  for  the 
identification  of  species  may  be  useful  here.  As  already  stated,  it  is 
many  years  ago  since  the  earstones  of  fishes  were  taken  up  as  a  systematic 
study.  This  study  was  undertaken  for  the  purpose  of  ascertaining  if, 
failing  other  evidence,  the  species  of  a  fish  could  be  determined  by  the 
earstones  alone.  I  soon  became  satisfied  that,  except  in  certain  cases, 
they  could  not  be  altogether  relied  upon  for  this  purpose,  especially  when 
dealing  with  young  fishes  whose  otoliths  have  not  yet  attained  the  form 
and  structure  peculiar  to  the  adult.  But  though  it  may  frequently  be 
difficult  to  distinguish  the  species  of  a  fish  where  the  otoliths  are  the  only 
parts  left  by  which  it  may  be  identified,  yet  they  may  be  fairly  reliable 
as  a  guide  for  ascertaining  the  family  and  also  sometimes  the  genus  to 
which  the  fish  belongs.  It  is  not  difficult,  for  example,  to  distinguish 
the  earstones  of  the  more  typical  of  the  Gadoids,  and  especially  of  those  of 
most  of  the  genus  Gadtut — they  are  usually  so  massive  in  structure  as  to 
differ  in  this  respect  alone  from  those  of  almost  all  other  groups  of  fishes 
with  which  I  am  familiar.  Yet  there  are  one  or  two  species  belonging 
to  this  family  that  possess  earstones  so  different  from  those  of  the  genus 
Gadus,  that  if  it  were  the  case  that  no  other  parts  of  the  fishes  were 
available  for  determining  the  family  they  belonged  to,  one  would  be 
inclined  to  ascribe  them  to  some  other  than  that  of  the  gadidse.  I  have 
already  referred  to  the  family  Pleuronectidss  as  possessing  earstones  more 
or  less  rotundate,  flat  and  thin,  and  thus  presenting  cliaracters  by  which 
they  differ  from  most  of  the  other  teleostean  fishes  mentioned  here.  But 
though  the  peculiarities  in  shape  and  structure  that  characterise  the 
earstones  of  fishes  may  not  generally  be  reliable  for  the  identification  of 
species  when  unsupported  by  other  evidence,  still  there  are  several  fishes 
that  possess  otoliths  so  distinct,  that  by  nteans  of  them  alone  the  species 
may  be  determined  with  almost  absolute  certainty.  In  support  of  this 
statement  I  need  only  refer  to  the  following  species : — The  earstones  of 
the  black  goby,  Gobvus  niger,  possess  characters  by  which  they  may  be 
distinguished  with  tolerable  certainty  from  those  of  other  fishes.  They 
are  nearly  flat,  and  of  a  broadly  rhomboid  form,  as  may  be  seen  on 
pi.  ii.  B.,  figs.  19  and  20,  and  pi.  v.,  fig.  6. 

The  earstones  of  the  whiting  have  also  a  form  unlike  that  of  the 
otoliths  of  any  other  fishes  known  to  me;  they  are  considerably  elongated, 
and  are  obliquely  truncate  at  one  end,  while  the  opposite  end  is  drawn 
out  into  a  tapering  extremity  which  ends  in  a  sharp  point  {see  figs.  30 
and  31  on  pi.  ii.  a.). 

The  hake  has  earstones  so  different  in  shape  and  so  thin  that  when 
placed  beside  the  massive  otoliths  of  the  cod  and  coal-fish,  belonging  to 
the  same  family,  they  suggest  doubts  as  to  whether  these  species  are  so 
closely  related  to  one  another  as  their  position  indicates. 
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The  megrim  or  whiff  is  the  only  kind  of  fish  I  have  met  with  thai; 
exhibits  a  fairly  constant  difference  in  the  shape  of  the  right  and  leit 
earstones.  At  first  I  imagined  this  difference  to  be  merely  accidental, 
but  the  examination  of  several  specimens,  both  largo  and  small,  revealed 
similar  differences  in  all  of  them. 

The  earstones  of  the  argentine  have  also  a  peculiar  shape,  and  are 
unlike  any  of  those  that  have  been  examined.  They  may  be  described  as 
scaphoid  or  boat-shaped,  except  that  the  length  and  depth  are  nearly  the 
same  Two  pairs  of  these  earstones  are  represented  on  pi.  i.  b.,  figs.  44 
and  45,  and  photographs  of  them  considerably  enlarged  will  be  found  on 
pi.  iv.,  fig.  9. 

The  earstones  of  very  young  and  immature  fishes  may,  but  frequently 
do  not,  possess  the  characters  peculiar  to  the  species  as  seen  in  the  adult 
form,  and  it  is  this  fact  that  makes  the  identification  of  fishes  by  the 
earstones  alone  unsatisfactory,  whereas  if  the  fishes  be  of  adult  size,  or 
nearly  so,  the  uncertainty  of  determination  is  greatly  minimised.  There 
can,  for  example,  be  little  or  no  difficulty  in  recognising  the  earstones  of 
adult  whiting  or  codfish  or  of  those  of  the  hake. 

Besides  the  difference  in  the  shape  of  the  earstones  of  fishes  there  is 
also  sometimes  considerable  differences  observed  in  the  proportional  sizes 
of  those  of  different  fishes — that  is,  it  does  not  always  follow  that  a  large 
fish  belonging  to  one  species  will  have  earstones  proportionally  larger 
than  a  smaller  fish  belonging  to  another  species,  for  we  sometimes  find 
that  the  difference  is  the  other  way.  For  example,  the  earstones  of  a 
lumpsucker  fifteen  and  a  half  inches  long  measured  l'5mra.  by  I'Smm.; 
a  lemon  dab  twelve  inches  long  had  earstones  that  measured  3 '5mm.  by 
2mm.,  while  those  of  a  long  rough  dab  ten  inches  long,  or  only  two-thirds 
the  length  of  the  lumpsucker,  measured  6mm.  by  about  4*5mm — four 
times  the  size  of  those  of  the  lumpsucker.  Then,  again,  a  catfish,  the 
length  of  which  was  tvventy-seven  inches,  possessed  earstones  4mm.  long 
by  2*5mm.  at  the  widest  part,  while  a  hake  of  about  the  same  length  as 
the  catfish  was  found  to  have  earstones  nearly  25mm.  long  by  about  9mm. 
at  the  widest  part.  In  further  contrast  with  the  earstones  of  the  fishes 
just  mentioned,  it  may  be  stated  that  a  codfish  measuring  fully  three  feet 
in  length  had  earstones  of  about  the  same  width  as  those  of  the  hake,  but 
they  were  nearly  7  mm.  shorter,  their  length  reaching  only  to  18mm.,  but 
the  difference  in  length  was  fully  made  up  by  their  more  massive  struc- 
ture. The  weight  of  these  two  earstones  was  about  22  English  grains,  or, 
more  correctly,  1-485  grammes,  while  the  weight  of  the  two  otoliths  from 
the  hake  was  about  12  English  grains,  or  '735  grammes.  It  may  also  be 
mentioned  that  the  two  earstones  of  a  codfish  which  measured  forty  inches 
in  length  weighed  nearly  30  English  grains — and  it  should  be  noted  that 
this  was  the  weight  of  them  after  they  had  been  thoroughly  dried. 

Moreover,  the  earstones  of  teleostean  fishes  appear  to  consist  almost 
entirely  of  calcareous  matter,  for  when  those  from  a  tolerably  large  codfish 
were  subjected  to  a  red  heat  they  remained  practically  unaltered  in  size  or  in 
shape,  but  were  so  brittle  that  they  were  easily  crushed  between  the  finger 
and  thumb.  On  the  other  hand,  when  otoliths  were  placed  in  dilute 
hydrochloric  acid  they  completely  dissolved  away  with  much  effervescence, 
leaving  but  the  merest  trace  of  organic  matter. 

This  calcareous  matter  does  not  form  a  homogeneous  mass,  but  is 
deposited  in  layers,  and  the  density  of  each  alternate  layer  is  usually  less 
or  greater  than  the  one  immediately  preceding.  In  some  cases  these 
layers  are  arranged  so  regularly  as  to  imply  a  more  or  less  regular  and 
periodic  activity  or  quiescence  in  the  secreting  tissues  by  wbich  the  ear- 
stones are  formed.     The  result  of  this  alternating  activity  and  quiescence 
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is  well  seen  in  the  structure  of  the  otoliths  of  several  species  of  the 
PleuronectidsB,  the  shape  of  which  is  more  or  less  circular,  and  they  are 
so  thin  as  to  be  almost  transparent,  especially  when  just  removed  from  the 
ear-chamber.  It  is  evident  that  the  calcareous  matter  that  is  added 
to  theses  earstones  from  time  to  time  is  deposited  chiefly  around  the 
circumference,  and  only  to  a  small  extent  laterally.  In  several  of  the 
Gadidse,  on  the  other  hand,  jconsiderable  additions  are  made  to  the  thick- 
ness as  well  as  round  the  edges  of  the  otoliths.  In  not  a  few  other  fishes 
the  form  of  the  earstones  is  so  irregular  that  the  calcareous  matter  of 
which  they  are  composed  cannot  have  been  added  symmetrically  as  in  the 
case  of  the  earstones  of  the  Pleuronectidse. 

An  attempt  is  being  made  to  utilise  these  concentric  growth-lines  for 
the  purpose  of  ascertaining  the  age  of  the  fish  they  belong  to,  somewhat 
after  the  manner  a  botanist  reckons  the  age  of  an  exogenous  tree  by 
counting  the  number  of  alternating  light  and  dark  rings  exhibited  in  a 
cross  section  of  the  wood ;  and  it  is  probable  that  an  estimate  of  the  fish's 
age  founded  on  these  growth-lines  may  be  approximately  correct  as  regards 
plaice  or  any  other  fish  whose  earstones  have  a  regular  form  and  are 
sufiiciently  thin  to  show  the  concentric  lines  clearly.  But  it  is  doubtful 
how  far  such  a  method  can  be  relied  upon  if  applied  to  such  fish  as  the 
bream,  mullet,  hake,  herring,  and  others  having  earstones  irregular  in 
shape.  Moreover,  it  is  probable  that  the  abundance  or  scarcity  of  food 
that  the  fish  have  to  live  upon,  or  variations  in  the  kinds  of  the  food,  may 
retard  or  quicken  the  deposition  of  calcareous  matter,  and  may  lead  to  the 
formation  of  pseudo  rings,  whole  or  incomplete,  that  may  tend  to  com- 
plicate or  in  some  measure  to  nullify  the  calculation. 

The  discussion  of  these  questions  is,  however,  outside  the  scope  of  the 
present  paper,  which  is  merely  intended  to  contain  notes  descriptive  of 
the  sizes  and  forms  of  the  earstones  of  a  number  of  the  fishes  that  have 
come  under  my  own  observation. 

The  plates  which  illustrate  this  paper  were  prepared  from  photographs 
made  by  my  son,  Andrew  Scott,  A.L.S.  The  earstones  represented  by 
the  photographs  were  collected  at  various  times  and  mounted  on  slides, 
by  myself,  but  only  a  limited  number  of  them  were  selected  for 
mounting.  Those  represented  on  Plates  I.,  II.,  and  III.  are  nearly  twice 
the  natural  size,  while  Plates  IV.  and  V.  show  them  considerably 
enlarged. 


II.— LIST  OF  FISHES  WHOSE  EARSTONES  ARE  DESCRIBED  IN  THE 
PRECEDING  NOTES— ALPHABETICALLY  ARRANGED. 

PAOB. 

56 
69 

•  59 

-  79 

•  76 
60 

-  70 
58 
58 

-  77 

•  78 

-  78 

-  79 

-  76 

-  55 
59 
69 
60 

-  77 


Agonus  cataphraclus  (Linn,)t  Fogge, 
Ammodytea  tcibianus,  Linn.,  LeEser  sand-eel,   - 
Anarrh%cha9  lupus,  Linn.,  Catfish, 
Anguilla  vulgaris.  Leach,  Fresh-water  eel, 
Argentina  sphvrcma,  Linn.,  Argentine, 
Athen'na  premyter,  Cuv.,  Sand  smelt,  - 
Boihus  nuusimus  (Linn. ),  Turbot, 
OaUionymvs  lyra,  Linn.,  Dragonet, 

,,  nMcnlcUus,  Bonepart,  Spotted  dragonet, 

Clupea  harengtis,  Linn.,  Herring, 

,,      pUchardus,  Bloch.,  Pilchard, 

,,      apraUus,  Linn.,  Sprat,   • 
Conger  niger  (Risso),  Conger-eel, 
Coregonus  lavaretus,  Penn.,  Powan, 
Coitus  scorpius,  Linn. ,  Sea  scorpion, 
Gyclopttrus  lumpus,  Linn.,  Lumpsucker, 
Drepanopaetta  pkUtssoides  (Fabr.),  Long  roush  dab, 
Enchclyo]ous  viviparus  (Linn. ),  Viviparous  blenny, 
Eaox  tuctus,  Linn.,  Fresh-water  pike,  • 
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PAO«. 

Oadu8  (eglejlnus,  Linn.,  Hadrlook,  -62 

,,        callarias,  Linn.,  Ckxlfish,             •            .  -            -  61 

„       Esmarkiif  Nilssou,  Norway  pout,  -  64 

„       /tMciM,  Lmn.,  Brassv,     •  -  63 

„       merlangus,  Linn.,  Whiting,  -  65 

„       miniUus^  Linn.,  Poor  cod,           -  -  64 

„       pollachius,  (Cuv.),  Pollack,        -  -  66 

„       pout€MOu,  Risso,  Couch's  whiting,  -  64 

,,       virens,  Linn.,  Ck>alfi8h,    .......  65 

Gcbius  minutua,  Smel.,  Speckled  goby,  -  58 

„      m^er,  Linn.,  Black  gobv,           -  -  58 

Hippogloams  vulgaris,  Flem.,  Halibut,  -  69 

Lainrua  bergylta,  Ascan.,  Ballan  wrasse,  -  61 

„       mixtus,  Linn.,  Striped  wrasse,  -  61 

„       r?i/)e«^ritf,  Linn.,  Jago'sgoldsinny,        -  -  61 

LepidorhtmbxiH  whif,  (Walb.),  Megrim,  -  71 

Lieuci»:uA  nUilus,  Linn.,  Roach,  -11 

Z^>p/in(«  insco^oWiM,  Linn.,  Anffler  fish,            -            -  -  57 

Lumpenna  lampreti/ormis,  (Walb.),  Sharp- tailed  lumpen  us,  •  -  60 

Meriuccius  m^ucciiis,  Linn.,  Hake,     -  -  66 

Mdua  molva  (Linn.),^Ling,       -            -  -  67 

Mugil  chelo,  Cuv.,  Thick-lipped  grey  mullet,  -  -            -  60 

If tiZ^u^  &ar6a/u«,  Linn.,  Red  mullet,     -  -  54 

NerophU  lumbriciformis.  Will.,  Worm  pipefish,  -  79 

Ono8  cimbrius  (Linn. ),  Four-bearded  rockling,  -  67 

,,     /Wctn-o^tM  (Hriin.),  Three-bearded  rockling,  -  67 

Perea  JiuvicUUis,  Linn. ,  Fresh- water  perch,      -  -  53 

Pkolui  yunneUtis,  Linn.,  Butterfish,       -            -  -  59 

PAycM  &^i7u>uie«,  Bnin.,  Greater  fork-beard,  -  -  66 

i1&i/opAry«/d/erwa(Walb.),  Scaldfish,   ......  72 

PUurowctes  q/noglosgus^  Linn. ,  Witch  sole,     -  -  74 

„           jUtfus,  Linn.,  Flounder,     -            -            -  -  73 

„           limanda,  Linn.,  Dab,        -            -  -74 

,,           microcephaluSf  Don.,  Lemon  sole,             -            -  -  73 

„           pUUtsnay  (Linn.),  Plaice,  ...  -            -  72 

i2an»c«p8  ram'nu^  (Linn.),  Lesser  fork-beard,               -            -  -  68 

So/mo  (.^)yarTo,  Linn.,  Brown  trout,  -  76 

„      Mdar^  Linn.,  The  salmon,  -  76 

Sooner  ecombrus,  Linn.,  Mackerel,  -  57 

Scorpcena  dactylcpt^ra,  De  la  Roche,  Blue  mouth,  -55 

i$e6ake«  norve^its,  (Ascan.),  Norway  haddock,  -  54 

SoUa  liUea,  Risso,  Solenette,     •            -            -            -  -  75 

,,      variegcUaf  Don. ,  Variegated  sole,            -            -  -  75 

„      vulgaris^  Guensel.,  Black  sole.     -            -            -  -  75 

^oarua  ceiUrodaiUus^  De  la  Roche,  Common  sea  bream,  -  54 

Tiuchinus  draco,  Linn.,  Greater  weaver,         ...  -  57 

,,          vipera,  Cuv.,  Lesser  weaver,           -            •  -  57 

Trigla  gumardua,  Linn.,  Grey  gurnard,          ...  -  55 

„       lineataf  Gmel.,  Streaked  gurnard,  -  56 

,,       Zucfma,  Linn. ,  Sapphirine  gurnard,     ...  ^-56 

„       pint,  Bloch,  Red  Kurnard,         •  -  56 

Ztugoptems  punctcUua,  Bloch,  Miiller's  top-knot,  -  71 

III. — Systematic  Description. 

Nomenclature  followed.—^   History  of  Scandinavian  FisheSy  by  B. 

Fries,  C.  U.  Ekstrom,  and  C.  Sundevall,  2nd  edit;.,  revised  by 
Prof.  F.  A.  Smitt  (1893-95). 

Arrangement  followed. — Dr.  Francis  Day,  The  Fishes  of  Great  Britain 
and  Irelaml,  2  vols.  (1880-84). 

Fam.  Percid^. 

Genus  Perca, 

Perca  fluviaiilis^  Linn.     Fresh-water  Perch.     PL  iii.  b.,  figs.  54-57  ;  pi. 
v.,  ^g.  13, 
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Four  Bpecimens  of  the  fresh- water  perch  were  exainiaed — one  about 
14  inches  long,  one  8  inches,  one  7  inches,  and  one  6^  inches.  The 
earstones  of  the  largest  specimen  measured  10 '5mm.  in  length  and  about 
5*5mm  at  the  widest  part,  while  those  of  the  other  three  specimens 
measured  respectively  7mm.  by  3'5mm.  and  6mm.  by  3mm.  The  larger 
earstones  are  thus  proportionally  the  shorter  ones,  the  first  being  equal  to 
about  one  thirty-fourth  part  of  the  entire  length  of  the  fish,  the  next 
about  the  one -thirtieth,  and  the  last  rather  longer.  These  earstones  are 
very  irregular  in  outline,  and  the  greatest  width  is  towards  the  posterior 
end.  The  lower  margin  is  tolerably  even  and  slightly  arcuate,  but  the 
upper  is  irregular,  with  a  prominent  notch  near  the  proximal  end  \  this 
end  is  narrow  and  bluntly  rounded.  Both  the  posterior  end  and  the 
upper  margin  are  distinctly  but  irregularly  crenulate;  they  are  also 
moderately  compressed  and  thin.  The  earstones  of  the  smaller  fishes 
have  a  general  resemblance  to  those  of  the  large  one,  but  they  are 
distinctly  less  crenulated,  and  the  surface  is  not  so  rugose.  The  specimens 
seem  t)  vary  to  some  extent  in  form  and  sculpture.     _ 

Fam.  MuLLiDiE. 

Genus  MtUltut. 

Mullus  barbatus,  Linn.     Surmullet  or  Red  Mullet.     PI.  iii.  b.,  fig.  49 ; 
pi.  v.,  fig.  23. 

The  fish  from  which  the  earstones  were  taken  measured  scarcely  8| 
inches  in  length.  The  earstones  are  broadly  ovate  in  outline,  the  posterior 
extremity  is  truncated,  while  the  proximal  end  is  narrow  and  bluntly 
rounded ;  the  lateral  margins  are  obscurely  crenulate,  and  the  surface  is 
somewhat  rugose.  The  earstones  of  the  red  mullet  are  apparently  pro- 
portionally smaller  than  those  of  the  fresh- water  perch.  Those  just 
described  measured  only  about  4'5mm.  long  by  about  3mm.  in  greatest 
width,  and  are  thus  about  equal  to  little  more  than  one- fiftieth  part  of  the 
length  of  the  fish. 

Fam.  Sp^RiDiE. 

Genus  Sparm. 

Sparus  (Pagellua)  cenfrodoiitus^  De  la  Roche.      Sea  Bream.      PI.  ii.  b., 
figs.  6  and  7. 

The  earstones  of  two  examples  of  this  species  are  shown  on  Plate  ii.  b. 
The  larger  of  the  two  fishes  measured  17  inches  in  length,  and  the 
smaller  15  inches.  The  earstones  of  the  first  (fig.  6)  measured  155  mm. 
along  their  greatest  length,  and  8mm.  in  depth,  and  those  of  the  smaller 
one  (fig.  7)  14mm.  by  7 '5mm.  In  their  outline  and  markings  these 
earstones  are  somewhat  similar  to  those  of  the  large  fresh-water  perch, 
but  the  lower  margin  is  rather  more  arcuate,  and  they  are  more  incurved 
when  seen  from  above.  They  are  also  considerably  larger  in  proportion 
to  the  length  of  the  fish,  being  about  one  twenty-seventh  or  twenty- 
eighth  part  of  the  extreme  length. 

Fam.  ScoRP-BNiDiE. 

Genus  Sebastes. 

Sebastes  norcegicus  (Ascan.).    Norway  Haddock.     PI.  iii.,  b.,  figs.  50-52. 

The  earstones  of  three  small  examples  of  Sebastes  are  represented  on 
Plate  iii.  b.     The  fishes  measured  5  inches,  5^  inches,  and  6  inches  in 
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length  reepectiyely.  The  earstones,  which  are  tolerably  flat,  are  broadly 
oval  in  outline,  those  of  the  largest  of  the  three  fishes  (fig.  50)  measure 
fully  7mm.  in  length  and  4*5mm.  in  width,  the  greatest  width  being  near 
the  middle.  The  lower  margin  is  moderately  convex  and  even,  the 
posterior  end  is  broadly  truncate,  but  the  proximal  end  terminates  in  a 
short  narrow  process ;  the  upper  margin,  from  the  posterior  end  forward 
to  about  the  middle  of  the  otolith  is  slightly  arcuate  and  even,  but  it  then 
slopes  abruptly  towards  the  narrow  proximal  extremity.  The  lateral 
surfaces  are  moderately  smooth.  The  earstones  of  the  smallest  of  the 
three  fishes  (fig.  51)  measure  6'4mm.  by  4mm.,  and  closely  resemble  the 
others  in  form  and  sculpture.  The  earstones  of  these  young  Sebastes  are 
comparatively  as  large  as  those  of  the  sea  bream. 

Genus  Scorpasna. 
Seorpcena  daetylopteray  De  la  Roche.    The  Blue-mouth.    PI.  rii.  b.,  fig.  53. 

• 

The  earstones  of  a  Scorpceiia  14  inches  long  are  represented  by  the 
photograph  (^g,  53).  They  are  moderately  large,  measuring  14mm.  in 
length  and  about  6  7mro.  in  width,  the  greatest  width  being  a  little  in 
front  of  the  middle.  The  lower  margin  is  tolerably  arcuate  and  obscurely 
crenated;  the  posterior  extremity  is  truncated,  and  the  margin  slopes 
obliquely  forward.  The  proximal  portion  of  the  earstone  is  moderately 
long  and  narrow  ;  the  upper  margin,  which  is  obscurely  creuate  or  lobed, 
extends  from  the  posterior  angle  in  a  nearly  straight  line,  slightly  diverging 
from  the  lower  margin,  to  a  little  beyond  the  middle,  where  it  terminates 
in  an  abrupt  break,  and  from  this  break  to  the  anterior  extremity  the 
earstone  is  comparatively  narrow.  Both  the  inner  and  outer  sides  of  the 
earstones  are  nearly  smooth.  These  earstones  were  equal  to  about  one- 
twenty- fifth  part  of  the  entire  length  of  the  fish. 

Fam.  CoTTiDJS. 

Genus  Colitis. 

Coitus  scorpiuSf  Linn.     Sea  Scorpion.     PI.  iii.  b.,  figs.  63-65. 

The  earstones  represented  by  fig.  63  (PI.  iii.  b.),  and  which  are  about 
6mm.  in  length  by  3mm.  in  depth,  were  obtained  from  a  large  variety  of 
Coitus  seorpius  (var.  grcBnlandicus),  but  the  size  of  the  fish  was  not 
recorded.  The  middle  portion  of  the  lower  margin  is  nearly  straight, 
then  it  turns  slightly  upwards  at  both  ends ;  the  upper  margin  is  nearly 
parallel  with  the  middle  portion  of  the  lower,  but  this  part  of  the  upper 
margin,  beginning  at  the  posterior  end,  extends  only  to  a  little 
beyond  the  middle  of  the  otolith,  where  it  terminates  somewhat  abruptly, 
the  remaining  part  of  the  otolith  being  narrow  and  ending  in  a  moderately 
sharp-pointed  extremity.  The  posterior  end  is  bluntly  rounded.  A 
second  and  more  typical  specimen  of  C.  seorpius^  which  moasure^l 
6|  inches  in  length,  had  earstones  only  a  little  smaller  than  the  other, 
their  form  being  also  slightly  different  (fig.  65).  Fig.  64  represents  the 
otoliths  of  a  very  small  Coitus  belonging  to  the  same  species. 

Genus  Trigta. 

m 

Trigia  gurtiardus^  Linn.    The  Grey  Gurnard.     PI.  i.  b.,  figs.  46-52 ; 
p)»  iv.,  figs.  12  and  13. 
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The  earstones  of  seven  fishes  of  difPert*nt  sizes  are  represented  on 
Plate  i.  B.  The  largest  fish  was  about  15  inches  in  length  and  the 
smallest  7  inches,  but  though  the  earstones  difiTer  considerably  in  size 
they  retain  to  a  large  extent  their  characteristic  form  and  sculpture. 
Their  general  outline  may  be  thus  briefly  described.  The  upper  and 
lower  margins  are  arcuate,  but  the  one  rather  more  so  than  the  other. 
One  end  is  obliquely  truncated,  while  the  other  is  bifid  or  forked,  and  a 
distinct  groove  extends  from  the  apex  of  the  fork  to  almost  the  opposite 
end  of  the  earstone.  The  earstones  from  the  largest  fish  (15  inches  long) 
measured  4*8mm.  in  length  by  about  4mm.  in  depth,  and  are  thus  com- 
paratively small  in  proportion  to  the  size  of  the  fish,  being  only  equal  to 
an  eightieth  part  of  its  length.  They  are  represented  by  fig.  46.  The 
other  fishes  in  the  series  measure  about  13^  inches,  13^  inches,  12^ 
inches,  9 J  inches^  7^  inches,  and  7  inches  in  length,  and  the  length  of 
their  earstones  stated  in  the  same  order  is  nearly  4*5mm.,  4'Omm.,  4*3mm., 
3*0mm.,  2*7mm.,  and  2*5mm.,  their  greatest  width  being  about  one-fifth 
less  than  the  length.  They  were  all  nearly  fiat  or  only  slightly  incurved. 
Figs.  12  and  13,  pi.  iv.,  represent  figs.  50  and  51,  on  pi.  i.,  b.,  considerably 
enlarged. 

Trigla  pinif  Bloch.     The  Red  Gurnard.     PI.  i.  b.,  fig.  53 ;  pi.  iv.,  fig.  15. 

The  earstones  represented  by  fig.  53  are  from  a  red  gurnard  345mm. 
(nearly  13|  inches)  in  length.  They  have  a  general  resemblance  to  those 
of  the  grey  gurnard,  except  that  the  lower  margin  is  produced  posteriorly 
into  a  sharp  point.  The  extreme  length  of  the  earstones  is  about  5 '5 mm. 
by  3*5  in  depth.  Fig.  15,  pi.  iv.,  shows  the  earstones  considerably 
enlarged. 

Trigla  lineataf  Gmel.    The  Streaked  Gurnard.    PI.  i.  b.,  figs.  54  and  55 ; 
pi.  iv.,  fig.  20. 

The  two  specimens  of  Trigla  lineata  whose  earstones  are  represented 
here  measured  respectively  10 j  inches  and  8  inches  in  length.  The 
otoliths,  which  do  not  differ  much  in  size,  being  about  4mm.  long  by  fully 
2'5mm.  in  depth,  are  in  their  form  and  markings  somewhat  similar  to 
those  of  Trigla  guniardus.  Fig.  20,  pi.  iv.,  shows  the  earstones, 
represented  by  fig.  54,  greatly  enlarged. 

Trigla  luceiiia,  Linn.    TTn»  Sapphirine  Gurnard.     PI.  i.  b.,  fig.  56  ;  pi.  iv., 
fig.  21 

The  earstones  of  these  species  have  also  a  general  likeness  to  those  of 
Trigla  gurnardus.  The  specimen  from  which  those  represented  here  was 
obtained  measured  10|  inches  long,  and  the  earstones  were  about  3*8mm. 
by  2'5mm. 

Fam.  Cataphractidj:. 

Genus  Agotius, 

Agonu8  cataphractus,  Linn.     The  Pogge.     PI.  ii.  b.,  fig.  18;  pi.  iii.  b., 
figs.  44-46 ;  pi.  v.,  fig.  27. 

Four  examples  of  Agonus  ranging  from  about  6  inches  to  4|  inches  in 
length  were  examined  for  their  earstones.  These  were  found  to  have  a 
narrow  oval  form,  rather  obtuse  at  the  one  end  and  pointed  at  the  other 


of  the  Fishery  Board  for  Scotland,  57 

Those  of  the  largest  fish  measured  5*4mm.  in  length  by  about  2mm.  in 
depth  (see  fig.  45,  pi.  iii.  B.),  while  those  of  the  smallest  {€ig.  Id,  pi.  ii.  b.) 
measure  5mm.  by  about  2mm.  It  will  be  noticed  that  the  earstones  of 
the  pogge  are  moderately  large  in  proportion  to  the  length  of  the  fish. 
Those  cf  the  smallest  specimen  are  about  the  one  twenty-third  part  of  its 
entire  length. 

Fam.  PSDICULATIDiE. 

Genus  Lqphius. 

Lophius  ptBcatonuSy  Linn.     The  Angler-fish.    PI.  iii.  b.,  figs.  61  and  62; 
pL  iv.,  fig.  31 ;  pi.  v.,  fig.  19. 

The  earstones  from  a  fairly  large  angler,  36  inches  long,  are  represented 
by  fig.  61  on  pi.  iii.  b.  They  are  comparatively  broad,  and  their  out- 
line is  somewhat  irregular;  the  lower  margin,  which  has  a  stout  rib 
extending  nearly  from  erd  to  end,  is  obtusely  geniculated,  the  angular 
part  being  nearly  intermediate  between  the  two  extremities.  The  upper 
margin  is  arcuate  and  thin,  and  at  the  anterior  end  where  it  meets  the 
lower  margin  it  forms  a  blunt-pointed  angle,  but  the  posterior  end  is 
obliquely  truncated.  Numerous  and  somewhat  obscure  lines  radiate  from 
the  middle  portion  of  the  lower  rib  to  the  edge  of  the  upper  margin, 
which  may  be  crenulate  or  notched.  These  earstones  are  about  10'5mm. 
in  length  by  about  7mm.  in  depth.  The  earstones  of  the  smaller  angler, 
the  size  of  which  has  not  been  recorded,  have  the  upper  margin  more 
regularly  arcuate,  while  the  lower  want  the  angular  outline  of  the  larger 
otoliths.  They  measure  about  5 '5mm.  by  3*5mm.  The  angler's  earstones 
are  small  when  compared  with  the  length  of  the  fish,  those  of  the  large 
specimen  mentioned  being  only  a  little  over  one-ninetieth  part  of  the 
entire  length  of  the  fish. 

Fam.    TRACHINIDiE. 

Genus  Trachinus, 

Trachinus  vipera,  Cuvier.    The  Lesser  Weaver- fish.    PI.  ii^  b.,  figs.  8  and  9. 

The  earstones  of  the  lesser  weaver-fish  are  narrow  and  somewhat  ovate 
in  outline ;  both  ends  are  pointed.  Those  represented  by  the  figures  on 
pi.  ii.  B.  have  thin  surfaces  slightly  decorticated,  so  that  the  markings 
are  obscure.  The  larger  of  the  two  fishes  represented  (fig  8)  measured 
127mm.  long  (about  5  inches),  and  the  earstones  were  fully  6mm.  in 
length  by  2'5mm.  in  depth ;  the  smaller  fish  measured  119  mm.,  and  its 
otoliths  were  slightly  smaller  than  the  others. 

Trachinus  draco,  Linn.     The  Greater  Weaver-fish.     PI.  ii.  b.,  fig.  10. 

The  specimen  of  Trachinus  draco,  from  which  the  earstones  represented 
by  fig.  10  were  obtained  measured  llf  inches  in  length.  The  earstones, 
though  somewhat  similar  in  shape  to  those  of  the  lesser  weaver  just 
dMcribed,  were  considerably  larger,  being  at  least  10mm.  long  by  fully 
4'5mm.  in  depth. 

Fam.  ScoMBRiDiE. 

Genus  Scomber. 

JSeomher  gcombrus,  Linn.     The   Mackerel.     PI.  iii.  b.,  fig.  36 ;  pi.  v., 
fig.  33. 
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The  earstbnes  of  the  mackorol  are  comparatively  small.  The  one 
represented  by  figure  36  is  from  a  fish  of  average  size  and  about  3'5mm. 
in  length.  It  has  a  general  resemblance  to  the  earstoues  of  the  herring, 
being  narrow,  with  the  sides  parallel,  the  posterior  end  obtusely  rouiid^ 
and  unequally  bifurcated  in  front,  the  lower  branch  being  produced  into 
a  narrow- pointed  extremity. 

Fam.  GoBiiDiE. 
Qeuus  Gobiiis. 

Gohivs  nigerj  Linn.     The  Black  Goby.     PI.  ii.  b.,  figs.  19  and  20;  pi. 
v.,  fig.  6. 

In  this  species  the  earstoues  are  large  in  proportion  to  the  size  of  the 
fish,  and  their  broadly  rhomboid  form  is  so  unlike  that  of  the  earstones 
of  any  of  the  other  kinds  of  fishes  examined  that  they  appear  to  be 
characteristic  of  this  particular  species  and  to  indicate  that  it  might  be 
possible  to  identify  the  fish  almost  entirely  by  the  earstones. 

The  two  fishes  from  which  the  earstones  shown  on  PL  ii.  b.  were 
obtained  measured  105mm.  in  length,  and  their  earstones  are  about  4mm. 
long  by  tully  3mm.  in  width.  These  earstones  are  thus  about  equal  to 
one  twenty*  fifth  part  of  the  length  of  the  fish. 

Gobius  niinuius,  Gmel.    The  Speckled  Goby.    PI.  ii.  b.,  figs.  21-24. 

The  largest  of  the  four  fishes  represented  by  the  earstones  shown  on 
pi.  ii.  B.,  figs.  21  to  24,  measured  about  3  inches  in  length.  The  other 
three  were  smaller,  the  largest  being  54  and  the  smallest  43mm.  The 
earstones  of  the  larger  specimen  were  obscurely  quagrangular  in  form  and 
measured  about  2'2mm.  across  the  longest  side,  the  width  being  slightly 
less.  Ihe  earstones  of  the  other  specimens  were  very  small,  and 
resembled  minute  circulai*  discs,  the  largest  being  little  more  than  1mm. 
in  diameter. 

Fam.   CALLIONYMIDiE. 

Genus  CcMionymua, 

Cdllionymua  lyrOy  Linn.     The  Dragonet.     PI.  iii.  b.,  figs.  10-14;   pi. 
v.,  figs.  10  and  11. 

The  earstones  of  the  dragonet  are  very  small,  and  they  are  subovate  in 
outline;  the  lower  margin  is  nearly  straight,  but  the  upper  is  boldly 
arcuate.  The  posterior  end  is  rather  blunt,  but  the  anterior  extremity 
ends  in  most  of  the  specimens  in  a  short  point.  In  some  of  them  it  is 
slightly  bifid,  and  the  upper  margin  is  also  obscurely  crenulated. 

The  earstones  of  five  fishes  of  different  sizes  are  shown  on  plate  iii .  b. 
The  fishes  measure  10  inches,  8^  inches,  and  7|  inches  in  length,  while  the 
length  of  other  two  (figs.  13  and  14)  is  doubtful.  The  earstones  of  the 
largest  fish  are  about  3mm.  long,  which  is  equal  to  about  one  eighty- 
fourth  part  of  the  entire  length  of  the  fish.  The  earstones  of  the  others 
are  somewhat  smaller  and  rather  more  pointed  at  the  extremities. 

CcUlionymus  mactdatus,  Bonap.    The  Spotted  Dragonet     PL  iii.  b.,  figs. 
1-9;  plate  v.,  figs.  18  and  24. 
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Nine  examples  of  this  CallionyrMia  have  their  earatones  represented  on 
pi.  iii.  B.  The  sizes  of  the  fishes  are,  three  at  IDOmm.,  one  at  130mni., 
two  at  112mm.,  one  at  100mm.,  and  two  at  80mm.  Their  earstones 
closely  resemble  those  of  Cdllionymus  lyra  both  in  shape  and  size,  except 
that  in  one  or  two  of  them  the  anterior  end  is  rather  more  distinctly 
uotehed. 

Fam.  DisGOBOU. 

Genus  Oydoptervs, 

Cyelopterus  lumpua^  Linn.     The  Lumpsucker.     PL  iii.  b.,  fig.  58 ;  pi.  v., 
fig.  15. 

The  earstones  of  the  lumpsucker  are  exceedingly  small  when  compared 
with  the  size  of  the  fish.  In  an  example  15}  inches  long  the  earstones 
measure  only  l*4mm.  in  length  by  about  1mm.  in  depth,  or  about  one 
two-hundred- and-eightieth  part  of  the  length  of  the  fish.  They  are 
subrotund  in  form,  but  one  side  is  straight  or  nearly  so,  while  the  other 
is  boldly  arcuate  or  gibbous.  Both  ends  are  rounded,  but  one  of  them, 
where  it  joins  the  nearly  str.ught  lateral  margin,  is  moderately  angular,  as 
shown  by  the  enlarged  photograph  (fig.  15,  pi.  v.). 

Fam.  GoBiBsooiDiE. 

Genus  Anarrhicka^, 

Anarrhichas  lupus,  Linn.     The  Cat  or  Wolf-fish.     Pi.  iii.  b.,  figs.  40-43 ; 
pi.  ▼.,  fig  21. 

The  earstones  of  the  cat-fish  are  small  in  comparison  with  the  size  of  the 
fish.  Those  of  a  specimen  27}  inches  long  measured  about  4mm.  in 
length  by  about  2 '2mm.  in  depth,  so  that  these  earstones  are  only  about 
the  one  hundred  and  seventy- fourth  part  of  the  length  of  the  fish.  They 
have  a  somewhat  rugged  appearance,  resembling  a  rudely  formed  arrow- 
head, being  broadest  and  thickest  at  the  (?)  posterior  end,  then  tapering 
to  a  sharp  point  at  the  opposite  extremity.  The  earstones  of  a  fish  12 
inches  long  did  not  differ  greatly  in  shape  from  those  of  the  larger 
example,  but  were  considerably  smaller,  being  only  about  2 '7mm.  long 
by  about  TGmm.  in  depth  (see  fig.  43).  They  were  proportionally 
rather  larger  than  those  of  the  larger  fish,  but  small  compared  with  those 
of  the  Gadoids.  The  earstones  of  other  two  examples  of  AnairhicTias, 
12 j  inches  and  13|  inches  in  length,  are  represented  by  figures 
42  and  41. 

Fam.  BLENNIIDiE. 

Genus  Pholis, 

Phdis  gunndluSf  Linn.     The  Butter-fish.     PI.  iii.  b.,  figs.  38  and  39. 

The  earstones  of  the  butter-fish  are  also  very  small.  They  are  of  an 
oTal  shape,  but  neither  in  form  nor  sculpture  is  there  anything  very 
chAractenstic  about  them.  Those  obtained  from  a  fish  4}  inches  long 
measured  about  1mm.  by  '6mm. 
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Genus  EnchdyopuB. 

Enc?iehjopu8  (Zoarces)  viviparus^  Linn.     Viviparous  Blenny.     PI.  iii.  b., 
fig.  37;  pi.  v.,  fig.  31. 

The  viviparous  blenny  possesses  earstones  that  somewhat  resemble 
those  of  the  mackerel  in  size  as  well  as  in  form,  but  they  appear  to  be 
rather  larger  in  proportion  to  the  size  of  the  fish,  and  their  upper  margin 
is  rather  more  boldly  arcuate.  A  fish  measuring  12  inches  possessed  ear- 
stones  4mm.  in  length  by  2mni.  in  depth.  They  were  thus  about  equal 
to  one  seventy -sixth  part  of  the  length  of  the  fish. 

Genus  Lujnpenm. 

Lumpenus  lampreti/ormis^  Walb.     Sharp- tailed  Lumpenus.      PL  i.  b., 
figs.  51-63 ;  pi.  iv.,  figs.  22,  23,  and  26,  27. 

The  earstones  of  this  species  are  small  and  oblong  in  shape.  The  upper 
margin  is  obscuiely  crenulated ;  the  anterior  end  is  slightly  notched,  or 
pointed,  while  the  other  is  subtruncate  or  bluntly  rounded.  Those 
represented  by  the  figs.  57  and  58  are  from  two  fishes  295mm.  long,  and 
measure  about  3mm  in  extreme  length  by  2mm.  in  width.  Another 
fish  176mm.  long  had  earstones  measuring  2*5  by  l'3mm.  {see  fig.  63,  pi. 
i.  B.,  and  fig.  27,  pi.  iv.). 

Fam.  AxHERINIDiE. 

Genus  Atherina. 

Atherina  presbyter^  Ouvier.     Sand  Smelt.    PI.  iii.  b.,  figs.  34  and  35  ;  pi. 
v.,  figs.  22  and  26. 

The  sand  smelt  has  tolerably  large  earstones  compared  with  the  size  of 
the  fish.  The  larger  of  the  two  specimens  examined,  which  measured 
about  5  inches  in  length,  had  earstones  4mm.  long  by  2 '2mm.  in  depth, 
while  those  of  the  smaller  fish,  which  was  3^  inches  in  length,  measured 
2'3mm.  by  l'5mm.  The  earstones  of  the  larger  fish  were  equal  in  length 
to  about  the  one  thirty-second  part  of  the  entire  length  of  the  fish. 
Both  margins  are  oven  and  arcuate,  one  end  is  bluntly  rounded,  but  the 
other,  in  the  earstones  of  the  larger  fish,  terminates  in  a  sharp  and  slightly 
hooked  process,  and  in  those  of  the  smaller  the  same  extremity  is  bluntly 
pointed. 

Fam.  MuQiLiDiE. 

G^nus  Muyil. 

Mugil  chelOf  Cuvier.     The  Thick-lipped  Grey  Mullet.     PI.  iii.  b.,  fig.  48; 
pi.  v.,  fig.  12. 

The  earstones  of  the  grey  mullet  are  distinctly  incurved  and  somewhat 
twisted,  but  this  is  not  very  clearly  shown  in  the  photograph.  The  lower 
margin  is  slightly  thickened  and  nearly  parallel  with,  but  rather  shorter 
than,  the  upper.  The  posterior  end  is  abruptly  truncated,  the  edge  being 
crenulated,  and  in  some  examples  deeply  incised ;  the  anterior  extremity 
is  obliquely  truncated,  the  edge  being  thin  and  slightly  irregular,  while 
the  angle  is  produced  into  a  short  tooth. 
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The  fish  from  which  the  otoliths  were  obtained  measured  i5|  inches  in 
length,  and  its  earstones  are  9mm.  by  4*5mm. — they  are  thus  equal  in 
length  to  about  the  one  forty-fourth  part  of  the  length  of  the  fish. 

Fam.  LABRiDiE. 

OenuB  Ldbrus, 

Ldbrus  hergylta,  Ascan.     The  Ballan  Wrasse.      PI.  ii.  b,  fig.  12-14; 
pi.  v.,  fig.  8. 

Three  specimens  of  this  Lahrus  have  their  earstones  represented  on 
pi.  ii.  B.  They  measured  about  387mm.,  B30mm.,  and  254mm.  respec- 
tively. The  earstones  are  comparatively  small — those  of  the  larger  fish 
(fig.  12)  are  about  5*4mm.  in  length  by  about  3mm.  in  depth.  The  length 
of  these  earstones  is  thus  equal  to  about  the  one -seventieth  part  of  the 
entire  length  of  the  fish.  The  specimen  next  in  size  had  earstones 
•slightly  smaller  (fig.  14),  while  the  earstones  of  the  third  specimen  (fig. 
13)  are  a  little  over  4mm.  long.  The  lower  margin  of  the  larger  ear- 
stones is  slightly  arcuate  and  crenulated,  especially  the  proximal  half  of  it. 
The  upper  margin  slopes  upward  in  a  nearly  straight  line  from  each  end, 
so  as  to  form  an  obtuse  angle  near  the  middle.  The  front  end  is  deeply 
bifurcate,  but  the  other  terminates  in  a  blunt  point  (see  pi.  v.,  fig.  8, 
which  shows  the  otoliths  greatly  enlarged).  The  other  earstones  do  not 
differ  much  from  those  described,  except  that  the  upper  margin  is  not  so 
distinctly  angular. 

Lahrus  mixiusj  Linn.    The  Striped  Wrasse.     PI.  ii.  b.,  fig.  1 5. 

The  earstones  of  this  Lahrus  have  a  close  resemblance  to  those  of  the 
ballan  wrasse,  and  could  scarcely  be  distinguished  from  them.  Those 
represented  by  fig  15  were  obtained  from  a  fish  \\\  inches  in'length,  and 
measure  fully  5mm.  each. 

Lahrus  (Ctenolahrus)  rupestris,  Linn.      Jago's  Goldsinny.      PI.  ii.  b., 
fig.  16. 

This  is  a  smaller  species  of  Lahrus  than  the  others,  and  the  earstones 
are  proportionally  small.  The  fish  which  is  here  represented  by  its  ear- 
stones measured  about  4^  inches  in  length  (108mm.),  and  the  size  of  its 
earstones  is  3'2  by  TGmm.  They  resemble  those  of  the  other  species  in 
their  general  character. 

Fam.  GADiDiE. 

G^nus  Gadus, 

Oadus  caUarias,  Linn,  (syn  ,  Gadus  morhua,  Linn.).     The  Codfish.     PL 
i.  A.,  figs.  1-10. 

The  otoliths  of  nearly  all  the  species  of  Gadus^  especially  in  those  of 
adult  size,  are  usually  large,  and  massive  in  structure.  One  side  is 
•lightly  concave  and  the  other  convex.  The  concave  or  exterior  side  is 
usually  ornamented  with  ridges  and  furrows  which  are  more  regular  and 
diaiioct  in  the  otoliths  of  fishes  that  are  young,  or  half-grown  fishes. 
Those   otoliUis   from   codfish,    particularly  from   examples    20  inches 


62 


Pwri  III, — Twenty-fourth  Annual  Report 


long  and  upwards,  differ  in  shape  from  the  eardtoncs  of  other  species  of 
Qadue  in  being  distinctly  wider  at  the  anterior  end,  instead  of  having  the 
upper  and  lower  margins  parallel  or  nearly  so.  The  lower  edge,  which  is 
longer  than  the  upper,  is  only  slightly  convex,  and  in  some  cases  nearly 
straight.  A  thick  rib  extends  along  the  lower  aspect  of  the  convex 
or  inner  side,  as  indicated  by  the  photographs  (fig.  2),  but  the  stones 
become  thinner  towards  the  upper  edge.  The  upper  edge  is  slightly  con- 
vex and  shorter  than  the  lower.  Anterior  end  obliquely  truncated. 
Posterior  end  narrow,  bluntly  rounded,  and  terminating  in  a  shallow 
depression.  Upper  and  lower  margins  usually  irregularly  but  distinctly 
crenulated.  The  pair  of  earstones  represented  on  the  plate  by  fig.  1  were 
removed  from  a  codfish  40^  inches  long;  they  measure  about  21mm.  in 
length  by  fully  10mm.  in  depth.*  Figure  2  on  the  same  plate  represents  the 
earstones  of  another  fish  36^  inches  long,  which  measure  about  18mm.  by 
fully  9mm.  Below  I  give  in  tabular  form  the  sizes  of  the  earstones  of 
other  fishes  represented  on  pi.  i.  a. 


Figures  on  Plate 
i.  A. 

Length  of  Fish. 

Earstones. 

Length. 

Depth. 

3 

4 
5 
6 

7 

8 

9 

10 

15    inohes. 

274     .. 

21 
10 

9 

5J      „ 

41      „ 

4i      ,, 

About  13'0mro. 
,,     15 '5mm. 
,,     14 '5mm. 
,,     10'5mm. 
,,      9 '5mm. 
,,      6*5miu. 
,,      5'7mm. 
,,      5 '3mm. 

Nearly  6 'Oram. 

7 '5mm. 

About    6 '5mm. 

,,       4'Omm. 

„       3 '7mm. 

,,       2'5mm. 

,,  2 '3mm. 
Fully     2  0mm. 

Gadus  ceglefinus,  Linn.      The  Haddock.      PI.  ii.  a.,  figs.  1-5  and  9-16 ; 
pi.  iv.,  figs.  1  and  2. 

The  earstones  of  tolerably  large  specimens  of  haddock  have  the  upper 
margin  nearly  straight,  and  parallel  with  the  lower  margin  ;  the  crenula- 
tion  of  this  margin  is  not  very  strongly  marked,  but  the  lower  margin, 
which  is  slightly  convex,  is  distinctly  crenated.  Among  the  haddocks 
examined  for  the  purposes  of  this  paper,  one  was  thin  and  emaciated,  and 
its  earstones  were  not  only  comparatively  narrow  and  elongated,  but  they 
were  also  devoid  to  a  considerable  extent  of  the  grooves  and  ridges  so 
characteristic  of  earstones  of  the  normal  type;  this  pair  of  earstones  is 
represented  by  fig.  3.,  pi.,  ii.  a. 

A  fairly  large  number  of  haddocks  have  been  examined,  and  I  find  that 
most  of  those  about  8  or  9  inches  long  have  their  earstones  obliquely 
truncated  in  front,  and  that  posteriorly  the  upper  and  lower  margins  con- 
verge, though  somewhat  unequally,  to  form  a  narrow,  blunt  pointed 
extremity.  They  are  also  laterally  incurved,  so  that  the  hollow  surface  is 
toward  the  outside,  the  convex  side  being  inside,  as  in  those  of  the  codfish. 
The  earstones  of  the  smaller  haddocks  are  not  so  distinctly  truncated  in 
front,  and  the  upper  and  lower  margins  are  not  parallel,  but  converge  from 
the  widest  part  near  the  anterior  end  gradually  to  the  posterior  extremity. 

*  Those  eanitonos  are  thiis  equal  to  about  the  one  forty-ninth  part  of  the  entire  length 
of  the  fish.  In  the  other  example  specially  referred  to  thev  are  about  the  one  fifty-fimt 
part  of  its  length.    The  earstones  appear  to  be  proportionally  longer  in  the  smaller  fish. 
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The  outer  surface  was  more  distinctly  ornamented  with  small  rounded 
ridges  and  furrows  extending  to  bot)i  margins,  producing  a  creuulated 
edge  neaVly  all  ronnd.  The  largest  fishes — 4  in  number — which  are 
represented  here  by  photographs  of  their  earstones,  range  from  1 7|  inches 
to  18|  inches  in  length.  The  length  of  the  earstones  varied  from  a  little 
over  16mm.  to  18mm.,  and  the  variation  in  depth  is  slightly  over  1mm. 
The  annexed  Table  gives  the  sizes  of  the  various  fishes  and  of  their  ear- 
stones  : — 


Earstones. 

Figure  on  the 
Plate. 

Length  of  Fish. 

Length. 

Depth. 

1  (PL  ii.  A.)... 

18    inches,     ... 

17*011101. 

6*2mm. 

Z                    yf 

loj         ,y 

17 '3mm. 

6 '3mm. 

O                    yt 

17f      „         ...{ 

Ouel8*0mm.and|^ 
one  18 '5mm.     J 

About  5 '6mm. 

(Fish  very 

emaciated. ) 
One  16 '2mm.  and  \ 

4                     yy 

17}      „ 

one    about  > 
17mm.          ...  ) 

6*3mm. 

O              y }             ••  • 

14i      „ 

16'Omm. 

*5'0mm.  to5'5mm. 

"            t» 

13*      „ 

14  •7mm. 

Fully  5'Omm. 

10         „ 

12        „ 

13'3mm. 

4 '5mm. 

11         )) 

101      „ 

11 '5mm. 

4'3mm. 

\Z          f. 

v%      y. 

ll'omm. 

4 '3mm. 

to             )}            ••• 

Oj          1) 

1 1  *2mm. 

4'3mm.  to4*5mm. 

14                         yl                       ... 

15                     y, 

Dj— Og      } , 

8-8*5mm. 

About  3 '0mm. 

+16         ,» 

It  will  be  observed  that  the  length  of  the  haddock's  earstones  in 
proportion  to  the  length  of  the  fish  is  greater  than  in  the  case  of  the 
codfish.  In  the  two  largest  haddocks  referred  to  here  the  earstones  are 
Dearly  equal  to  the  one  twenty-seventh  part  of  the  length  of  the  fish, 
while  in  one  example,  8|  inches  in  length,  they  reach  to  about  one- 
twentieth  part  of  the  length  of  the  fish. 

Oadus  luscus,  Linn.     The  Brassie  or  Bib.     PI.  ii.  a.,  figs.  17-24  ;  pi.  iv., 
fig.  3. 

The  larger  examples  of  the  brassie  possess  earstones  even  more  massive 
in  stractore  than  those  of  the  haddock  or  codfish.  The  outer  surface, 
which  is  distinctly  incurved,  is  also  more  coarsely  rugose,  being  orna- 
mented with  somewhat  irregular  and  comparatively  large  rounded  bosses, 
especially  on  the  lower  aspect  of  the  exterior  surface.  These  bosses,  and 
to  some  extent  the  whole  outer  surface  as  well,  have  a  polished  and  glassy 
appearance.  The  inner  surface  is  convex  and  nearly  smooth.  The 
anterior  end  is  obliquely  trunca1«d,  and  the  anterior  portion  of  the  upper 
margin  is  nearly  straight  and  parallel  with  the  lower ;  then  it  gradually 
converges  towards  the  lower  edge  till  both  meet  in  the  moderately  sharp- 
pointed  posterior  extremity.  T^e  massive  structure  of  these  otoliths  is 
observable  even  in  the  smaller  specimens.     A  brassie  about  14  inches 

*  Another  haddock,  14  inches  long,  had  massive  earstones  ISnmu  in  length  by  6 '5mm.  in 
width.    Tbcwarathown  onpl.  iv.,flg.  2. 

t  TbfS  pair  of  Mntonei  represented  by  fig.  16,  pL  iL  a.,  are  shown  greatly  enlarged  on  pL  iv., 
flf .  1,  tnd  tht  ridgti  and  furrows  on  the  outer  sumee  are  more  clearly  indicated  in  tne  figure. 
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long  had  very  massive  otoliths;  they  measured  about  13'5mm.  in  length 
by  6'5mm.  at  the  deepest  part  (these  are  represented  by  fig.  24).  Those 
of  a  somewhat  smaller  fish  were  equally  massive  but  rather  shorter, 
measuring  about  12'2mra.  by  6mm.  A  number  of  other  specimens  of  the 
same  species  have  been  examined,  and  measurements  of  six  of  them  with 
the  corresponding  sizes  of  their  earstones  are  given  in  the  Table  annexed. 


Figure  on  the 
Plate. 

Length  of  the  Fish. 

Elarstones. 

Length. 

Depth. 

17  (Pl.-ii.  A.) 

18 

19 

20 

21 

22         „ 

89mm. 
UOmm. 
162mm. 
210mm. 

11^  inches. 

Hi      „ 

About    5 '0mm. 
,,       6 '0mm. 
„       8  0mm. 
,,     10 '5mm. 
,,      11 '0mm. 
, ,     11  '4mm. 

2 '5mm. 
3*0mm. 
Fully  4 '0mm. 
4 '5mm. 
5'3mm. 
5 '5mm. 

In  the  larger  examples  of  the  brassies  referred  to  here  the  proportion 
that  the  length  of  the  earstones  bears  to  the  length  of  the  fish  is  about 
the  one  twenty-sixth  part,  but  it  appears  to  become  greater  in  the  smaller 
fishes  as  in  the  case  of  the  haddocks. 

Gadus  minutuSf  Linn.     The  Poor  Cod. 

This  species  is  nearly  allied  to  the  last,  and  appears  to  possess  somewhat 
similar  earstones.     No  specimens  are  represented  by  the  photographs. 

Gadus  esmarkiiy  Nilsson.     The  Norway  Pout.     PI.  ii.  a.,  figs.  25  -28. 

Four  specimens  of  Gadus  esmarkii  are  represented  by  their  earstones 
on  pi.  ii.  A.  They  measured  respectively  6§  inches,  5|  inches,  4|  inches, 
and  4  inches.  Their  earstones  have  a  tolerably  close  resemblance  to  those 
of  small  Gadus  luscus,  but  they  are  scarcely  so  massively  formed,  and  are 
rather  longer  and  narrower.  Those  removed  from  the  largest  specimen 
of  Gadus  esviarkii  measured  about  7'5mm.  in  length  by  fully  3mm.  in 
depth,  and  those  of  the  next  three  specimens  measured  about  6'5mm., 
5 '2mm.,  and  5mm.  in  length,  and  their  depths  varied  in  a  corresponding 
degree.  The  earstones  of  the  largest  specimen  were,  as  indicated  by  the 
foregoing  measurements,  about  the  one  twenty-second  part  of  the  entire 
length  of  the  fish. 

Gadus  poiUassoUf  Risso.     Couch's  Whiting.     PL  ii.  a.,  fig.  29 ;  pi.  iv.. 
fig.  5. 

This  species  is  represented  by  a  single  pair  of  otoliths ;  they  are  from  a 
fish  155mm.  (fully  6  inches)  in  length,  and  measure  8*5mm.  long  by 
nearly  3mm.  in  depth.  In  their  shape  and  sculpture  they  have  a  general 
resemblance  to  those  of  Cfadus  esmarkii,  but  are  rather  more  slender  and 
elongated.  The  anterior  end  is  bluntly  rounded,  the  upper  and  lower 
margins  taper  in  a  nearly  uniform  manner  to  the  sharp-pointed  distal 
extremity,  and  both  margins  are  crenulated.  The  exterior  side  is  only 
slightly  incurved  and  moderately  rugose,  and  the  inner  surface  is  nearly 
smooth. 
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Gadus  merianguSf  Linn.     The  Whiting.     PI.  ii.  a.,  figs.  6-8,  30  and  31. 

The  earstones  of  nnmerous  whitings  have  been  examined,  and  all, 
except  those  of  very  small  specimens,  agree  in  the  peculiar  form  by  which 
they  may  be  distinguished  from  other  species  of  Qudus,  They  are 
elongated  and  narrow.  The  lower  margin  is  tolerably  even  and  slightly 
convex.  The  anterior  end  is  obliquely  truncated,  and  with  the  edge 
usually  crenulate.  The  upper  margin,  for  about  two-thirds  of  its  length, 
from  the  anterior  extremity,  is  nearly  straight  and  parallel  with  the  lower 
edge,  then  it  gradually  converges  towards  the  lower  margin,  so  that  the 
posterior  end  is  narrow  and  tapering  and  has  a  sharp-pointed  termination. 
The  earstones  are  somewhat  concave  outwardly,  and  slightly  convex  and 
nearly  smooth  on  the  inside.  The  lower  edge  is  tolerably  thick,  while 
the  upper,  especially  where  it  begins  to  taper  towards  the  posterior  end, 
is  compressed  and  thin. 

Photographs  are  given  of  the  earstones  of  five  whitings  which  measured 
respectively  14  inches,  12^  inches,  11§  inches,  11|  inches,  and  9  inches  in 
extreme  length,  and  the  size  of  their  earstones  given  in  the  same  order  is  as 
follows  : — 20mm.  long  by  5mm.  in  greatest  width  (fig.  30),  16mm.  by 
about  4'5mm.  (fig.  8),  16'5mm.  by  nearly  5mm.  (fig.  7),  15mm.  by  about 
4'7mm.  (fig.  6),  and  12*5mm.  by  about  4mm.  (fig.  31).  The  earstones  of 
two  young  whitings,  about  68mm.  (2|  inches)  in  length,  but  which  are 
not  represented  among  those  photographed,  measured  3 '5mm.  by  about 
l'5nam.,  which  is  fully  twice  the  length  of  those  of  a  lumpsucker  15 j 
inches  long. 

By  comparing  the  length  of  the  earstones  of  a  number  of  whiting  of 
average  size  with  the  length  of  the  fish  they  were  taken  from  I  found 
that,  though  the  proportion  varied  to  some  extent,  the  length  of  the 
earstones  approximated  to  about  one-eighteenth  part  of  the  extreme 
length  of  the  fish. 

The  proportion  between  the  length  of  the  earstones  and  of  the  fish 
they  belong  to  varies  considerably  in  the  different  kinds  of  fish.  An 
examination  of  numerous  examples  of  fish  belonging  to  various  species 
seems  also  to  indicate  that  where  the  earstones  are  massive  in  structure, 
as  in  some  of  the  Gkdoids,  they  are  shorter  in  proportion  to  the  length  of 
the  fish  than  those  that  are  thin  and  narrow.  This  may  tend  to  explain 
why  the  earstones  of  the  whiting  are  generally  proportionally  more 
elongated  than  those  of  the  haddock  or  codfish. 

OadvM  virens,  Linn.     The  Saithe  or  Coal-fish.     PI.  i.  a.,  figs.  14-16. 

The  earstones  of  large  coal-fish  are  very  massive  in  structure.  Fig.  14 
represents  those  of  a  fish  of  average  size,  but  I  am  unable  to  state  the 
exact  length  of  the  fish,  though  it  could  not  be  much  under  36  inches. 
These  earstones  measure  about  24mm.  long  by  about  8mm.  in  greatest 
width.  The  upper  and  lower  margins  are  tolerably  straight  and  nearly 
parallel,  and  they  are  slightly  crenulated  along  the  edges.  The  front  end 
i«  somewhat  obliquely  truncated,  but  at  the  posterior  end  the  upper  and 
lower  margins  converge  so  that  they  meet  and  terminate  in  a  blunt  point. 
They  are  also  slightly  twisted,  and  have  the  outer  side  incurved  and 
slightly  rugose,  while  the  inner  side  is  convex  and  nearly  smooth. 

Figs.  15  and  16  represent  the  earstones  of  two  saithe  about  15  inches 
long;  they  are  narrow  and  elongated,  and  small  when  compared  with 
thoiie  of  the  whiting.  These  earstones  measure  from  11mm.  to  about 
ll'5miiL  in  length,  which  is  equal  to  about  the  one  thirty-third  part  of 
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the  length  of  the  fish.  This  shows  a  somewhat  marked  difference  from 
those  of  the  whiting  14  inches  long  that  measured  20mm.  in  length,  or 
about  the  one-eighteenth  part  of  the  length  of  the  fish. 

Oadtu  poUctchiua  (Cuy.).     The  Pollack  or  Lythe.    PI.  i.  a.,  figs.  11-13. 

The  lythe  has  earstones  closely  resembling  those  of  the  saithe  in  shape, 
in  size,  and  sculpture.  Fig.  11  represents  the  otoliths  of  a  lythe  31  inches 
long ;  they  measure  about  20mm.  in  length  by  about  8mm.  in  greatest 
width.  The  length  of  these  otoliths  in  proportion  to  the  length  of  the 
fish  is  scarcely  equal  to  half  the  length  of  those  of  the  whiting  referred  to 
above,  but  what  is  wanting  in  length  is  made  up  by  their  more  massive 
structure.  Figs.  12  and  13  represent  the  earstones  of  two  smaller  fishes, 
but  their  lengths  have  not  been  recorded. 

Genus  Merltu:iu8, 

Jlerlucius  merluceius  (Linn.).     The  Hake.     PI.  iii.  a.,  figs.  32-35. 

The  earstones  of  the  hake  differ  remarkably  from  those  of  other 
British  Gradoids.  They  are  thin  and  leaf-like,  and  are  somewhat  ovate  in 
outline;  they  are  broadest  near  the  anterior  end,  and  thence  taper 
gradually  backwards  to  the  narrow  distal  extremity.  The  lower  side  has 
an  evenly,  but  not  very  boldly,  rounded  edge  that  extends  unbroken  from 
the  front  to  the  posterior  end.  The  upper  edge  is  very  thin  and  more 
or  less  finely  serrated,  the  divisions  between  the  serrations  being  in 
some  parts  very  distinct ;  near  the  anterior  end  this  margin  rises  into  a 
prominent  angle  and  forms  the  widest  (or  deepest)  part  of  the  earstone. 
Immediately  posterior  to  this  angle  the  margin  is  slightly  concave,  and 
this  imparts  to  the  angular  prominence  a  somewhat  gibbous  appearance, 
as  shown  in  the  figure ;  from  this  point  the  margin  slopes  giadually  to 
the  distal  end.  The  earstones  of  comparatively  small  fishes  show  the 
same  gibbous  appearance.  The  posterior  end  of  the  earstones  is  some- 
what narrow  and  sharp-pointed.  The  fish  from  which  the  largest  earstone, 
shown  on  pi  iii.  a.  (fig.  33),  was  taken  was  a  tolerably  large  one,  but  its 
length  was  not  recorded.  This  earstone  measures  about  27 '5mm.  long 
by  fully  9mm.  in  greatest  width.  The  next  largest  of  the  otoliths 
represented  by  the  figures  were  from  a  rather  smaller  fish  than  the  one 
just  referred  to,  but  its  length  has  also  not  been  recorded.  These  otoliths 
are  about  25mm.  in  length,  and  their  greatest  width  nearly  9mm.  Two 
otoliths  from  a  hake  16  inches  long  (fig.  34)  measure  nearly  17mm.  by 
about  6mm.,  and  another  fish  14^  inchtss  long  was  furnished  with  ear- 
stones 16mm.  in  length  by  about  5'5mm.  in  greatest  depth.  In  these 
last  two  examples  the  length  of  the  earstones  is  equal  to  one  twenty- 
fourth  and  one  twenty-third  part  of  the  entire  length,  of  the  fishes  they 
were  taken  from. 

Genus  Fhycis. 

PkycU  hlennoideB  (Briin.).     The  Greater  Forkbeard.     PI.  i.  a.,  fig.  27. 

The  earstones  from  a  moderately  large  specimen  of  the  greater  fork- 
beard  are  represented  by  fig.  27  on  pi.  i.  a.  This  fish,  the  size  of  which 
was  not  recorded,  possessed  tolerably  large  earstones.  They  measure 
about  16*5mm.  in  length  by  6 '5mm.  in  depth.  The  upper  margin,  which 
is  nearly  straight,  has  the  edge  moderately  sharp  and  irregularly  serrate, 
while  the  anterior  extremity  is  obliquely  truncated.  The  lower  margin 
18  boldly  arched  and  somewhat  angular  in  the  middle,  and  converges 
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posteriorly  towards  the  upper  margin  more  than  it  does  forward,  and  the 
posterior  end  is  therefore  moderately  narrow  and  is  also  bluntly  rounded, 
as  shown  by  the  photograph.  The  earstones  are  slightly  concave 
outwardly  and  considerably  thickened  towards  the  anterior  end,  especially 

on  the  lower  aspect. 

* 

Genus  Mohia. 

Molua  mdva  (Linn.).     The  Ling.     PI.  i.  a.,  figs.  19-26. 

The  earstones  represented  by  fig.  19  were  obtained  from  a  medium- 
sized  ling,  but  the  exact  length  of  the  fish  was  not  stated.  These 
earstones  have  a  general  resemblance  to  those  of  the  coal-fish  and  lythe. 
The  anterior  end,  however,  is  not  angular  but  forms  a  bold  curve,  which 
merges  into  the  upper  margin.  This  margin  is  only  slightly  arched  in 
the  middle  part,  then  slopes  posteriorly  to  the  sub-central  and  narrow 
rounded  distal  extremity ;  lower  margin  nearly  straight  except  near  the 
posterior  end,  where  it  converges  to  meet  the  upper  margin.  The  otoliths 
are  about  20mm.  in  length  by  about  8mm.  in  their  greatest  width.  The 
earstones  of  young  ling  apparently  differ  to  some  extent  from  those  of 
larger  fish  in  their  form  and  structure.  Fig.  22  represents  the  earstones 
of  a  fish  224  inches  long,  and  though  the  general  contour  is  similar  to  the 
larger  otoliths,  the  upper  margin  is  not  regular.  These  earstones  measure 
only  about  9mm.  in  length.  Fig.  23  represents  the  earstones  obtained 
from  a  ling  about  10^  inches  long,  and  which  measure  fully  5'5mm.  Figs. 
24  to  26  represent  the  earstones  of  smaller  specimens  of  ling  ranging  from 
8f  inches  to  7  inches  in  extreme  length. 

Genus  Onos. 

Onos  trieiiratus  (Briin.).     The  Three-Bearded  Rockling.     PL  i.  b.,  iigs. 
9-12;  pi.  iv.,  fig.  18. 

The  three- bearded  rocklings  possess  earstones  that  are  narrow  and 
elongated ;  the  upper  and  lower  margins  are  nearly  parallel,  and  when 
viewed  from  the  side  are  seen  to  be  slightly  sigmoid  in  outline  and  some- 
what twisted.  Those  represented  by  fig.  11  were  obtained  from  a  fish  15 
inehes  long,  and  measure  nearly  8mm.  in  length — equal  to  about  the  one 
twenty-sixth  part  of  the  entire  length  of  the  fish — and  they  are  about  4 
times  longer  than  broad.  These  earstones  appear,  however,  to  vary  a 
good  deal  in  length,  for  those  taken  from  another  fish  only  a  little  shorter 
than  the  one  just  referred  to  measured  about  6* 2mm.,  but  the  width  is 
alout  the  same  as  that  of  the  other.  It  was  also  observed  that  the 
otoliths  of  small  fishes  did  not  possess  the  sigmoid  outline  that  char- 
acterises the  adult  examples.  Two  specimens  11|  inches  and  8  inches 
long  respectively  had  earstones  measuring  4'5mm.  and  3*5mm  — the  last 
wanted  the  sigmoid  appearance  already  referred  to  {see  figs.  10  and  9). 

Onos  cimbrins  (Linn.).   The  Four-Bearded  Rockling.    PL  i.  b.,  figs.  13-17 ; 
pi.  iv.,  fig.  10-11. 

This  species  possesses  earstones  quite  distinct  from  those  of  the  three- 
bearded  rockling ;  their  outltne  is  obscurely  triangular,  two  sides  being 
nearly  equal  and  shorter  than  the  third  side,  and  this  difference  is  notice- 
able in  the  earstones  of  even  small  examples.  Those  represented  by  fig. 
13  were  removed  from  the  ear- chambers  of  one  of  the  largest  of  the  fishes 
examined.  This  fish  measured  260mm.  (fully  10  inches),  while  the 
extreme  length  of  the  earstones  was  only  5'Omm.  and  the  greatest  width 
2*5mnL    These  earstones  are  thus  only  about  the  one-fiftieth  part  of  the 
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entire  length  of  the  fish.    The  annexed  table  contains  the  measurements 
of  a  few  of  the  other  fishes  examined  and  of  the  sizes  of  their  otoliths. 


Figure  on  the 
plate,     (i.  B.) 

Length  of  the  fish. 

Earstones. 

Length. 

Depth. 

U 
15 
16 
17 

220mm. 
185mm. 
177mm. 
165mm. 

3  •7mm. 
3'lmm. 
3*lmm. 
3'lmm. 

2'Omm. 
1  •7mm. 
r7mm. 
1  '7mm. 

The  earstones  of  the  three  smallest  fishes  are  almost  identical  in  size 
and  shape. 

Genus  Baniceps, 

Raniceps  raninus  (Linn.).     The  Lesser  Fork-beard.     PL  i.  b.,  figs.  1-8  ; 
pi.  iv.,  fig.  6. 

The  earstones  of  the  lesser  fork-beard  or  tadpole  fish  are  tolerably  large; 
their  outline  forms  a  nearly  regular  oval ;  both  the  lower  and  upper  mar~ 
gins  are  moderately  thin  and  convex,  and  converge  towards  both  ends 
which  are  narrow  and  rounded,  but  the  posterior  extremity  is  more  pointed 
than  the  other.  A  thickened  but  obscurely  defined  rib  extends  along  the 
middle  line  from  end  to  end,  and  gives  a  massive  appearance  to  the 
otolith.  The  largest  fish  represented  here  was  12  inches  long,  and  its  ear- 
stones measured — one,  fully  14mm.,  the  other  15mm.  in  length  and  about 
Tmm.  in  greatest  width,  so  that  in  this  example  the  length  of  the 
earstones  is  equal  to  about  the  one  twenty- second  part  of  the  entire  length 
of  the  fish. 

Fig.  5  represents  the  earstones  of  a  fish  about  8|  inches  long,  and  as 
they  measure  about  11mm.  in  length  they  show  almost  the  same  propor- 
tion to  the  length  of  the  fish  as  the  other — viz.,  about  one-twentieth  part. 
Fig.  7  represents  the  earstones  of  another  fish  that  measured  about 
180mm.,  and  as  the  earstones  are  nearly  10mm.  in  length,  it  seems  to  bear 
out  what  has  been  already  stated,  that  in  some  species  and  within  certain 
limits  the  smaller  fishes  possess  earstones  relatively  larger  in  proportion 
to  the  length  of  the  fish  than  the  adult  specimens.  The  annexed  Table 
gives  the  length  of  a  number  of  the  fishes  examined,  with  the  sizes  of 
their  otoliths : — 


Earstones. 

Figure  on  the 
Plate,     (i.  B.) 

Length  of  the 
Fish. 

Length. 

Depth. 

1 

12   inches,     .. 

■ 

1  fully  14  and  1  \ 
nearly  15mm.  J 

7^0mm. 

2 

lOi      „ 

■ 

Average  of  the 
two,  12 '5mm.  j 

6  •0mm. 

3 

9i      „ 

12'3mm. 

5  •5mm. 

4 

94      „ 

t 

12-Omra. 

5'3mm. 

5 

8f      „ 

» 

ll-2ram. 

4 '5mm. 

6 

7J      „ 

» 

10'7ram. 

4'5mm.            ' 

7 

7J      „ 

9  •8mm. 

4'5mm. 

8 

4 

2*4mm. 

l*0mra. 
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The  last  example  had  earstones  so  small  as  to  be  greatly  out  of  piopor- 
tion  to  the  length  of  the  fish  when  compared  with  the  others  in  the  series. 
I  mention  the  fact  in  order  that  further  attention  may  be  drawn  to  it. 

Fam.  OPHiDiiDiB. 

Genus   Ammodytea, 

Ammodytea  tohianus,  Linn.     The  Lesser  Sand-eel.      PL  i.  b.,  figs.  64 
and  65. 

The  earstones  of  the  sand-eels  are  very  small,  and  their  general  outline 
is  oval,  but  somewhat  narrow  and  pointed  at  the  posterior  end.  The 
earstones  represented  by  fig.  64  were  obtained  from  a  fish  7  inches  long, 
and  they  measured  3'5mm.  by  about  r6mm.,  while  those  represented  by 
fig.  65  are  only  about  2'5mm.  by  lOmm.,  and  were  obtained  from  a  fish 
1 25mm.  (5  inches)  in  length. 

Fam.    PLEURONEOTIDiB. 

Genus  EippogloMUs, 
H%ppoglo88U8  vulgaris^  Flem.    The  Halibut.     PI.  iii.  a.,  figs.  1-6  and  14. 

The  earstones  represented  by  fig.  1  are  those  of  a  halibut  that  weighed 
179  lbs.  (or  within  2  lbs.  of  13  stone).  The  fish  was  captured  in  1884, 
when  I  obtained  the  head  of  it  for  examination ;  the  length  of  the  fish 
was  not  recorded.  The  otoliths  measure  from  17mm.  to  1 8mm.  in  length  by 
about  11mm.  in  width,  but  the  two  differ  slightly  in  size.  Those  repre- 
sented by  fig.  14  were  removed  from  a  small  halibut  about  18^  inches 
long,  and  these  otoliths  measure  about  8'5mm.  in  length  by  about  5mm. 
in  depth.  In  this  example  the  length  of  the  earstones  is  only  equal  to 
about  one  fifty-fourth  part  of  the  entire  length  of  the  fish.  The  earstones 
represented  by  figs.  3  and  4  are  from  two  fishes  that  are  each  about  1 1} 
inches  in  length,  and  they  measure  6mm.  by  about  3'5mm.,  while  those 
represented  by  figs.  4  and  5  are  from  fishes  measuring  respectively  260mm. 
and  220mm.  in  length. 

In  this  species,  as  in  most  of  the  Pleuronectidse,  the  earstones  are  flat 
and  moderately  thin.  Those  of  the  large  halibut  mentioned  above  have  a 
somewhat  irregular  outline;  on  one  side  the  margin  is  nearly  straight, 
while  the  margin  opposite  is  somewhat  convex,  and  exhibits  in  one  of  the 
otoliths  a  distinctly  crenulated  edge.  One  end  is  obliquely  truncate,  but 
in  the  case  of  one  of  the  stones  the  other  end  has  a  wide  shallow  notch, 
while  the  other  otolith  is  furnished  with  a  hook-like  process.  The  ear- 
stones of  the  smaller  fishes  are  ovate,  and  have  a  rather  more  regular 
outline  ;  the  posterior  end  is  somewhat  truncated,  but  the  anterior  end  is 
narrow  and  rounded. 

Genus  Drepanopsetta. 

Drepanopsetta  platessoides  (Fabr.).       Long  Rough  Dab.      PI.  iii.  a., 
figs.  7-13. 

In  this  species  the  earstones  of  the  larger  fishes  are  broadly  ovate,  the 
length  being  only  about  one-third  more  than  the  greatest  width.  The 
appar  margin  is  distinctly  arched,  but  the  lower  is  only  slightly  and  irre- 
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golarly  convex.  One  end  is  subtruncat^,  but  the  other  is  bro&dly  rounded. 
The  earstones  of  a  considerable  number  of  long  rough  dabs  have  been 
examined,  and  it  has  been  noticed  that  though  the  larger  examples 
retained  their  characteristic  shape  there  was  some  variation  in  the  propor- 
tion of  their  sizes  to  the  length  of  fishes  they  belonged  to.  The  two 
largest  of  the  fishes  among  the  number  selected  for  this  paper  measured 
respectively  370mm.  and  317mni.  in  length,  their  earstones — represented 
by  figs.  7  and  8 — are  almost  identical  in  size,  and  measured  about  7*5mm. 
and  5mm.  in  length  and  width.  It  has  been  observed  that  the  length 
of  the  earstones  of  most  of  the  Pleuronectids  examined  are  shorter  in  pro- 
portion to  the  length  of  the  fish  than  those  of  the  more  typical  Gadoids. 
The  earstones  of  the  two  fishes  mentioned  above  averaged,  roughly,  about 
the  one  forty-fifth  or  forty-sixth  part  of  the  average  length  of  the  fishes. 
It  has  also  been  noticed  that  where  there  is  an  increase  in  the  width  of 
the  otoliths  there  is  to  some  extent  a  corresponding  decrease  in  the  length. 
In  the  annexed  Table  the  length  of  other  five  examples  of  long  rough 
dabs  are  given,  with  the  lengths  of  their  earstones: — 


Figure  on  the 
Plate,     (iii.  a.) 

Length  of  the 
Fish. 

Earstones. 

• 

Length. 

Depth. 

9 

10 
11 
12 
13 

10  inches. 

8      „ 
7      ,, 

3i     .. 

About  6'5rom. 

,,      5 '3mm. 

,,      4'8mm. 
Fully   3-Omm. 
About  2*5mm. 

/One  4 '5mm.  and 
\      one  5'Omm. 
About  3 '8mm. 

,t     3'5mm. 

,,     2-5uim. 

,,     2'Omm. 

The  earstones  of  the  smaller  fishes  become  more  and  more  rotundate  as 
the  length  of  the  fishes  decrease. 

Genus  Bothua. 
Bothus  maximus  (Linn.).     The  Turbot.     PI.  i.  b.,  fig.  33. 


The  earstones  represented  by  fig.  33  were  from  a  turbot  of  about  the 
average  size  (about  20  inches  in  length).  One  of  them,  which  is  barely 
6mm.  over  all,  in  its  general  outline  is  very  like  one  of  those  of  the  large 
halibut  already  referred  to  (fig.  1,  pi.  iii.  a.),  but  much  smaller,  and  it  is 
folly  4mm.  in  width ;  the  other  earstone,  which  is  nearly  of  the  same 
length  as  the  first,  but  about  4*5 mm.  in  depth  (or  width),  has  a  somewhat 
different  form,  and  differs  also  in  having  the  entire  margin  distinctly 
crenulated.  This  difference  between  these  two  earstones  may  be  only 
accidental,  but  the  otoliths  of  another  fish  to  be  presently  described  show 
that  such  variation  may  be  normal.  Whether  it  be  so  in  the  present  case, 
however,  can  only  be  ascertained  by  the  examination  of  several  specimens 
of  different  sizes,  but  not  the  very  young,  where  variations  of  this  kind 
tend  to  disappear. 

The  earstones  of  the  brill,  Bothus  rhombus^  are  not  represented  among 
the  specimens  photographed,  but  they  appear  to  resemble  those  of  the 
turbot. 
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Oenos  Zeugopterus, 

Zeuffoptertu  punetaius  (Bloch).     Miiller's  Topknot.     PI.  i.  b.,  figs.  42 
and  43. 

The  earstones  represented  by  the  figures  42  and  43  are  from  two 
fishes,  one  of  them  being  8|  inches  and  the  other  5|  inches  in  length. 
These  earstones  are  small  and  somewhat  oval  in  shape,  but  deeply  notched 
and  truncate  in  front.  One  side,  the  inner  one,  is  slightly  convex  and 
is  longitudinally  grooved,  but  the  reverse  side  is  smooth.  Those  of  the 
larger  fish  are  nearly  4mm.  long  by  2'5mm.  in  greatest  width ;  those  of 
the  other  fish  are  3mm.  in  length,  and  rather  wider  than  the  larger  one. 

Genus  LepidorTiambm. 

LepidarJiombuB  Whiff  (Walb.).    Sail  Fluke,  Whiff,  or  Megrim.     PI.  i.  a, 
figs.  31  and  32 ;  pi.  ii.  b.,  figs.  1-5 ;  pi.  v.,  figs.  1  and  2. 

The  earstones  of  a  megrim  about  17  inches  long  are  represented  by 
fig.  1,  pi.  ii.  B.,  and  fig.  2,  pi.  v.,  and  they  measure  about  7mm.  in  length 
by  nearly  5mm.  in  greatest  width.  The  length  of  these  earstones  is  thus 
about  the  one-sixtieth  part  of  the  entire  length  of  the  fish. 

In  the  megrim,  as  has  been  already  stated,  the  earstone  on  the  left  side 
differs  somewhat  in  shape  from  the  one  on  the  right  side,  and  this 
difference  is  observable  even  in  the  earstones  of  the  smaller  fishes,  but 
perhaps  not  in  very  young  specimens ;  I  find  that  in  such  specimens  the 
characteristics  peculiar  to  the  species  or  genus  are  usually  obscure  or 
undeveloped.  This  will  be  more  readily  perceived  by  comparing  the 
photographs  of  the  earstones  of  the  larger  megrim  mentioned  above  with 
those  of  the  two  smaller  fishes  represented  by  figs.  31  and  32,  pL  i.  b., 
and  which  measure  respectively  168mm.  and  87mm.  in  length.  Compare 
also  with  the  earstones  represented  by  fig.  5,  pi.  ii.  b.,  which  are  those  of 
a  fish  11  inches  in  length. 

In  the  examination  of  large  fishes  or  of  those  of  moderate  size  the 
difference  in  the  shape  of  the  earstones  is  readily  noticed,  one  of  them 
being  pear-shaped — that  is,  broadly  truncated  and  somewhat  emarginate 
at  the  posterior  end,  with  the  lateral  margins  boldly  rounded  and 
converging  towards  the  narrow  anterior  extremity;  the  lower  edge  is 
tolerably  even,  but  the  other  is  scarcely  so  regular.  The  curve  of  the  two 
sides  is  slightly  different,  and  this  makes  the  anterior  extremity  appear 
as  if  it  were  turned  somewhat  upward.  Each  earstone  is  also  slightly 
incurved  on  the  outer  aspects,  the  inner  being  correspondingly  convex. 

The  other  earstone,  like  the  last,  is  also  widest  posteriorly,  but  the 
posterior  end  is  obliquely  truncated  and  deeply,  and  sometimes  irregularly, 
notched.  The  entire  lower  edge  is  boldly  curved  and  tolerably  even, 
but  the  upper  margin,  though  it  has  the  posterior  portion  nearly  straight 
or  slightly  rounded,  and  more  or  less  distinctly  crenulated,  is  towards  the 
front  end  interrupted  by  a  considerable  break  in  its  continuity ;  this 
break  appears  to  be  more  distinct  in  the  earstones  of  larger  fishes,  and 
the  presence  of  this  break  causes  the  anterior  extremity  to  terminate  in  a 
tolerably  sharp  point. 

I  have  alx^ady  given  the  size  of  the  earstones  of  the  largest  fish 
ezaminedy  and  the  sizes  of  a  few  of  the  others  will  be  found  in  the 
annexed  Table. 
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Figure  on  the 
Plate. 


2  (PI.  ii.  B.) 
3 

4 


5 


it 


32  (PI.  i.  B.) 
33 


»» 


Length  of  the 
Fish. 


16^  inches. 

14 

12 


Earstones. 


Length. 


Width. 


II 


About  6'dmm. 
5 '3mm. 
5'Omm. 

5'Omm. 


165  Omm. 
87 '0mm. 


3 '6mm. 
2'Omm. 


{ 


'  4'5mm. 
,  4*0mm. 
I  3 '5mm. 

One  3 '5mm.,  other 
I      rather  less. 

2 '5mm. 
'  l'5mm. 


It  will  be  noticed  that  while  iu  the  case  of  the  first  four  the  earstones 
are  only  aboat  one-sixtieth  or  sixty-fourth  part  of  the  length  of  the  fishes 
they  belonged  to,  the  earstones  of  the  smaller  fishes  are  proportionally 
larger,  as  in  some  other  examples  previously  mentioned. 

Grenus  Flatophrys, 
Plaiophrys  latema  (Walb.).     The  Scald-fish.     PL  i.  b.,  fig.  30. 

The  efirstones  of  a  single  example  of  the  scald-fish  are  represented  here. 
They  are  from  a  fish  measuring  138mm.  (about  5^  inches)  in  length,  and 
are  of  an  oblong  form.  The  posterior  end  is  truncated,  and  there  is  a 
small  notch  at  the  anterior  extremity.  They  measure  about  3mm.  long 
by  about  2mm.  in  width. 

Genus  Pleuronedea, 

Pleuromctes  platessa  (Linn.).     The  Plaice.     PI.  iii.  a.,  figs.  15-21. 

The  earstones  of  seven  examples  of  plaice,  the  length  of  which  ranges 
from  610mm.  (about  24  inches)  to  64mm.,  are  shown  on  pi.  iii.  a.  The 
lai^e  pair  have  a  tolerably  massive  structure,  and  are  of  an  oval  shape  ; 
the  posterior  end  is  moderately  broad  and  somewhat  obliquely  truncated, 
while  the  anterior  end  is  tolerably  narrow  and  rounded ;  the  lower  margin 
is  evenly,  but  not  very  boldly,  rounded  or  much  thickened.  The  upper 
edge,  which  is  thicker  than  the  other,  is  moderately  straight  but  of  a 
somewhat  irregular  outline,  and  exhibits  a  shallow  notch  near  the  middle. 
They  measure  about  12mm.  long  by  about  7 '5mm.  broad.  They  are  thus 
about  one-fiftieth  part  of  the  entire  length  of  the  fish.  The  other  ear- 
stones represented  by  the  photographs  are  from  comparatively  small 
fishes,  the  lengths  of  which,  and  of  their  earstones,  are  given  in  the 
annexed  Table. 


Figure  on  the 
Plate,     (iii.  a.) 

Length  of  the 
Fish. 

Earstones. 

1 
Length.                      Width. 

16 
17 
18 
19 
20 
21 

287mm. 
273mm. 
273ram. 
160mni. 

91mm. 

64mm. 

About  6 '5mm.          Nearly  4 '5mm. 
,,     6*2mm.          About  4'5mm. 
,,     60mm.               ,,      4*0mm. 
,,     4*0mm.               „      2'8mm. 
,,     2 '5mm.               «,      2*0mm. 
,,     2'Omm.               ,,       l'5mm. 
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The  earstones  of  two  other  plaice,  each  about  456mm.  long  (not 
represented  among  the  photographs),  measured  fully  6 '5mm.  in  length  by 
about  5*5mm.  at  their  greatest  width,  and  9mm.  by  nearly  6mm.,  and 
thus  agreeing  fairly  well  with  the  others  in  their  proportion  to  the  length 
of  the  fishes  they  belonged  to. 

On  comparing  the  earstones  of  the  smaller  halibut  with  those  of  the 
larger  specimens  of  long  rough  dabs  and  plaice,  a  certain  similarity  may 
be  traced  both  in  the  general  form  of  the  otoliths  and  of  their  markings 
as  well  as  in  the  proportion  of  the  length  to  the  depth  (or  width).  It 
will  be  seen  that  they  are  all  broadly  oval  in  outline,  their  lower  edge  is 
evenly  rounded,  and  the  widest  part  of  the  otolith  is  apparently  at  the 
posterior  end.  The  earstones  of  Fleuronectes  flesus  and  Fleuronectes 
linumda,  and  of  one  or  two  others,  are  also  somewhat  similar  in  form  to 
those  referred  to.  There  is,  however,  at  least  one  notable  exception  in 
the  Genus  Fleuronectes^  F,  cynoglossus^  or  the  Witch  Sole,  to  be  referred 
to  presently,  the  earstones  of  which  are  nearly  circular  in  outline  instead 
of  being  oval. 

Fleuronectes  mierocephalus^  Don.      The  Lemon  Dab.      PL  i.  b.,  figs. 
19-25. 

The  earstones  of  the  lemon  dab  are  comparatively  small  and  are  not 
very  distinctly  characterised.  Fig.  19  represents  those  of  a  fish  15  inches 
long,  and  they  only  measure  a  little  over  4mm.  by  about  2*5mm.  To 
show  how  small  these  earstones  are  it  is  only  necessary  to  mention  that 
those  of  a  long  rough  dab  scarcely  as  large  as  this  species  had  ear- 
stones nearly  double  their  length,  while  the  earstones  of  a  plaice  that  was 
at  least  4  inches  shorter  were  one  and  a  half  times  as  long.  In  the 
annexed  Table  the  sizes  of  several  other  lemon  dabs  are  given  whose 
earstones  are  represented  by  photographs  on  the  accompanying  plates. 


Figure  on  the 
Plate,     (i.  B.) 

Size  of  the  Fish. 

Earstones. 

Length. 

Depth. 

•20 
21 
22 
23 
24 
25 

12  inohes. 

7i  „ 

6i    „ 
5i    „ 

3i    ,. 

3 '5mm. 
3*0mm. 
2'8mm. 
2 '5mm. 
2 -Omm. 
l'7mm. 

2*0mm. 
l'5mm. 
1  '5mm. 
1  '3mm. 
I'Omm.  fully. 
1  Omm. 

The  earstones  represented  by  fig.  20  have  the  upper  and  lower  margins 
nearly  parallel,  one  end  is  obliquely  truncated,  but  the  other  is  pointed ; 
in  the  smaller  specimens  both  ends  are  rounded,  and  they  are  all  pro- 
portionally smaller  than  those  of  the  plaice  or  the  long  rough  dab. 

Fleuronectes  flesuSf  Linn.    The  Flounder  or  Fluke.     PI.  i.  b.,  fig.  18. 

The  earstones  represented  by  fig.  18  were  obtained  from  a  fish  of 
average  size,  but  its  exact  length  was  not  recorded,  and  they  are  the  only 
examples  included  among  the  photographs  of  the  present  series.  They 
have  an  outline  somewhat  resembling  the  earstones  of  the  plaice,  and 
measore  about  6'5mm.  in  length  by  fully  4'5mm.  at  the  widest  part. 
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They  are  broadly  ovate,  and  the  margins  are  obscurely  crenulated ;  they 
are  also  moderately  thin,  and  at  the  time  they  were  removed  from  the 
fish  the  concentric  growth-lines  were  very  distinct. 

Pleuronectes  limanda,  Linn.     The  Dab.     PI.  ii.  b.,  figs.  28  and  29  ;  pi. 
iii.  A.,  figs.  27-31. 

The  earstones  represented  by  tigs.  27  and  28,  pi.  iii.  a.,  are  from  dabs 
of  moderate  size  (8  to  9  inches  long),  but  their  exact  length  was  not 
recorded.  They  have  a  tolerable  resemblance  to  the  earstones  of  young 
halibut,  represented  by  figs.  2  to  5  on  the  same  plate  (pi.  iii.  a.).  They 
measure  about  5mm.  in  length  by  about  3mm.  in  depth.  Figs.  29  to  30 
represent  the  earstones  of  fishes  measuring  7|  inches,  5|  inches,  and  4| 
inches  long,  while  the  earstones  themselves  measure  about  4'5mm., 
3*5mm.,  and  3mm.  respectively,  their  width  being  about  two- thirds  of 
the  length. 

Pleuronectes    cynogloBsuSj    Linn.      The    Witch    Sole.      PI.   i.   b.,   figs. 
26-29 ;  pi.  iii.  a.,  figs.  22-26 ;  pi.  iv.,  fig.  30. 

The  witch  sole  has  earstones  which  differ  very  distinctly  in  shape  from 
all  the  other  species  of  Pleuronectes  referred  to  here.  They  are  large  in 
proportion  to  the  size  of  the  fish,  very  flat,  and  nearly  circular  in  ouUine, 
and  it  is  in  this  latter  respect  that  they  differ  so  distinctly  from  the 
other  species. 

The  largest  of  the  witch  soles  mentioned  here  measured  16  inches  in 
length,  and  its  earstones  (pi.  iii.  a.,  fig.  22)  were  fully  8mm.  across  their 
longest  diameter  by  about  7 '5mm.  across  the  narrowest  part.  The  lower 
margin  is  nearly  straight,  but  otherwise  the  outline  is  almost  circular. 
The  longest  diameter  of  these  earstones  is  about  one-fiftieth  part  of  the 
entire  length  of  the  fish.  The  other  specimens  whose  earstones  are 
represented  here  were  of  various  sizes,  and  all  of  them  smaller  than  the 
one  referred  to  above.  The  length  of  the  different  specimens  and  the 
size  of  their  earstones  are  given  in  the  annexed  Table. 


Figaro  on  the 
PUte. 

Length  of  the  Fish. 

Earstones. 

Length. 

Width. 

26(pl.  i.  B.) 

27  .. 

28  „ 

29  ., 

23  (pi.  iii.  A. 

24  „ 

25  „ 

26  .. 

170ram. 
165mm. 
160mm. 
153mm. 
12    inches. 

Hi      „ 

lOi      ,, 
91      „ 

3*5mm. 

3 '5mm. 

3*5mm. 

3*2mm. 

5 '5mm. 
/One  5 '5mm.  and 
\     one  5*0mm. 

5*0mm. 

4*3mm. 

3.5mm. 
3 '2mm. 
3*3mm. 
3'Omm.  fully. 
5 '0mm. 

One  5 '0mm.  and 
one  4 '7mm. 
4 '5mm. 
4*2mm. 

It  will  be  observed  that  the  earstones  represented  by  fig.  26  (pi.  lit  a.) 
have  about  the  same  proportion  to  the  length  of  the  fish  as  that  of  the 
larger  examples  specisdly  referred  to,  while  a  slight  variation  is  observ- 
able in  the  length  of  the  earstones  of  the  smaller  fishes. 
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QenuB  Sdea. 

SoUa  tmlgaris,  Quensel.     The  Black  Sole.     PI.  i.  fi.,  fig.  34  ;   pi.  iv., 
^8^  17. 

A  single  pair  of  earstonef)  are  represented  amoiig  the  photographs 
given  here.  They  are  from  a  fish  of  scarcely  average  size,  its  entire 
length  being  only  12^  inches,  but  they  represent  the  diaracteristic  form 
and  size  of  the  earstones  of  Solea  vulgaris.  The  earstones  of  this 
specimen  were  5mm.  across  the  longer  diameter,  by  fully  4mm.  in  width, 
so  that  they  are  equal  to  about  one  sixty- third  part  of  the  entire  length 
of  the  fish.  A  smaller  specimen,  whose  earstones  are  not  represented  on 
the  plate,  measured  about  240mm.,  and  its  otoliths  about  3*5mm.  by  3mm. 
fully.  The  earstones  of  this  specimen  were  therefore  only  about  the  one 
sixty-ninth  part  of  the  length  of  the  fish. 

These  earstones  have  an  obscurely  quadrilateral  outline,  a  side  and  an 
end  being  nearly  at  right  angles  with  each  other.  The  remaining  side 
and  end  are  slightly  arched,  as  shown  in  the  figure.  The  earstones 
of  the  smaller  fish  just  mentioned  have  also  an  outline  similar  to 
that  described. 

Sdea  variegata,  Don.     The  variegated  Sole  or  Thickback.     PI.  i.  b.,  figs. 
35  and  36 ;  pi.  iv.,  figs.  28  and  29. 

The  earstones  of  two  specimens  of  this  species  of  sole,  nearly  of  the 
same  size,  are  shown  on  pi.  i.  b.,  and  by  figures  considerably  enlarged  on 
pl.  iv.  The  specimens  measured  respectively  140mm.  and  137mm.  in 
length.  Their  earstones  are  flat,  almost  circular,  disks  measuring  about 
3mm.  across  the  longer,  by  nearly  2*5mm.  across  the  shorter  diameter. 
The  size  of  these  earstones  in  proportion  to  the  length  of  the  fish  is  there- 
fore greater  than  that  of  the  black  soles  mentioned  above. 

Solea  luteoy  Risso.     The  Solenette.     PI.  i.  b.,  fig.  37-41 ;  pl.  iv.,  figs.  24 
and  25. 

A  number  of  solenettes  have  been  examined  for  their  earstones,  and  a 
few  of  them  are  represented  among  the  photographs.  These  earstones 
are  very  small  and  have  little  to  characterise  them  except  that  they  are 
flmt,  and  nearly  circular  in  outline.  The  size  of  the  different  fishes  and  of 
their  earstones  are  given  in  the  annexed  Table. 


Figure  on  the 
PUte. 

Length  of  the  Fish. 

£ar8tones. 

Length. 

Width. 

37  (pl.  i.  B. ;  pl.  \ 
iv.,  fi^.  24).      / 

38  (pL  L  B. ;  pl.  \ 
iv..  fig.  25).      / 

39  (pL  i.  B.) 
40 

41        ,. 

117mm. 

98mm 

90mm. 
76mm. 
64mm. 

3 '0mm. 

2'Omm. 

About  2  0mm. 

l'7mm. 

1  '5mm. 

2'2mm. 

1  *5mm. 

1  '5mm. 
1  '5mm. 
l*5mm. 
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Fam.    SALMONIDiE. 

Genus  Salvio. 

Salmo  salary  Linn.     The  Salmon.     PI.  ii.  b.,  fig.  31 ;  pi.  v.,  fig.  9. 

The  earstone  represented  by  fig.  31.,  pi.  ii.  b.,  measures  about  7mm.  in 
length  and  about  3'6mm.  in  depth.  The  length  of  the  fish  they  were 
obtained  from  has  not  been  recorded ;  I  may  mention,  however,  that  those 
represented  by  fig.  9  on  pi.  v.  are  from  a  salmon  weighing  about  10  lbs., 
but,  as  in  the  previous  example,  the  length  of  this'  fish  was  not  stated. 
The  earstones  are  of  an  oval  form,  with  both  ends  moderately  narrow  and 
bluntly  pointed,  but  one  end  is  more  drawn  out  than  the  other,  as  shown 
in  fig.  9. 

Salmo  (?)  fariOf  Linn.     The  Brown  Trout.     PI.  ii.  b.,  fig.  30. 

The  earstones  represented  on  pi.  ii.  b.  are  from  a  trout  weighing  three 
quarters  of  a  pound,  which  was  caught  in  Loch  Thorn,  near  Greenock, 
many  years  ago. 

Genus  Ooregonus, 

CoregonuB  lavaretus^  Penn.     The  Powan  (or  PoUan).     PI.  ii.  b.,  figs. 
25-27 ;  pi.  v.,  fig.  29. 

The  earstones  represented  on  pi.  ii.  b.  are  from  Loch  Lomond  powans 
measuring  8^  inches,  8  inches,  and  7^  inches  in  length.  Those  from  the 
first  two  fishes  are  nearly  of  the  same  size — viz.,  about  5'5mm.  long  by 
3  mm.  in  greatest  width,  one  of  the  ends — (?)  the  anterior — is  moderately 
broad  and  has  a  rounded  margin,  but  the  other  end  is  pointed;  the  lower 
margin  is  tolerably  even,  while  the  upper,  which  anteriorly  is  nearly 
parallel  with  the  lower,  slopes  from  about  the  middle  to  the  pointed 
extremity  at  the  posterior  end.  The  earstones  of  the  smaller  fish  measure 
about  5mm.  in  length  and  2 '5mm.  in  depth,  and  these  have  the  posterior 
end  rather  more  pointed  than  in  the  others. 

G^nus  Argentina, 

Argentina  aphtfrcena^  Linn.     The  Hebridean  Smelt.     PI.  i.  b.,  figs.  44 
and  45 ;  pi.  iv.,  fig.  9. 

The  Hebridean  smelt  is  one  of  a  small  number  of  fishes  that  possess 
earstones  of  a  shape  so  unlike  those  of  other  fishes  that  there  can  be  little 
difficulty  in  determining  the  species  the  fish  belongs  to  by  the  earstones 
alone.  The  earstones  of  two  specimens  are  represented  by  the  photo- 
graphs— figs.  44  and  45,  pi.  i.  b.  Fig.  9,  pi.  iv.,  gives  a  greatly  enlarged 
representation  of  those  in  fig.  44.  The  fishes  from  which  these  ear- 
stones were  obtained  measured  8||  inches  and  8  inches  respectively,  while 
the  earstones  themselves  measured  about  3'5mm.  in  extreme  length  and 
depth — the  length  and  depth  being' about  equal.  These  earstones,  which 
differ  in  form  from  those  of  the  other  fishes  mentioned  in  this  paper,  may 
be  described  as  broadly  scaphoid  or  boat-shaped,  the  short  lower  margin 
representing  the  keel,  and  the  longer  upper  margin  with  its  two  small 
prominences  being  the  deck,  while  the  obliquely  truncated  anterior  end 
represents  the  bow,  and  the  other  and  nearly  rectangular  end  the  stern. 
The  extreme  length  of  these  earstones  is  rather  more  than  the  one-sixtieth 
part  of  the  length  of  the  fish. 
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Fam.  EsooiD^f:. 

Genus  Eiox, 

Esax  luciuSy  Linn.     The  Fresh-water  Pike.     PL  iii.  b.,  fig.  60;  pi.  v., 
fig.  20. 

The  fresh-water  pike  from  which  the  earstones  represented  on  pi  iii.  b. 
were  obtained  was  of  moderate  size,  but  its  length  has  not  been  recorded. 
There  were  three  otoliths  of  moderate  size  in  each  ear-chamber,  and  one 
or  two  smaller  ones.  The  largest  stones  measured  about  9mm.  in  length 
by  5mm.  in  greatest  width.  They  are  very  irregular  in  outline,  especially 
along  the  upper  margin  and  round  the  (?)  anterior  end.  The  lower 
margin  is  tolerably  even  and  slightly  arcuate ;  the  anterior  end  is  broad 
and  deeply  notched,  and  the  anterior  portion  of  the  upper  margin,  which 
is  nearly  straight,  is  separated  from  the  posterior  portion  by  an  abrupt 
break  in  its  continuity — this  latter  portion  beimg  narrow,  and  tapering 
gradually  to  the  pointed  distal  extremity.  One  of  the  other  two  jstones  is 
narrow  and  elongated,  and  fully  4'5mm.  in  length ;  the  third  stone  is 
small  and  sub  triangular  in  outline,  as  shown  in  the  photograph. 

Fam.  CYPBiNiDiE. 
Genus  Leuciscus, 

Leuciscus  rtdilutt  (Linn.).     The  Roach  or  Braise.      PI.  iii.  b  ,  fig.  59 ; 
pi.  v.,  fig.  5. 

The  earstones  represented  by  fig.  59,  pi.  iii.  b.,  are  from  a  roach  about 
5^  to  6  inches  in  length.  They  are  somewhat  reniform  in  general  outline, 
and  the  surface  is  ornamented  with  radiating  grooves  which  terminate  in 
the  irregularly  crenulated  or  jagged  margins.  They  are  about  mm. 
across  the  widest  part  by  about  3mm.  in  depth.  The  peculiar  form  and 
structure  of  these  earstones  are  more  obvious  in  the  enlarged  photographs 
on  pL  v.,  fig.  5.  They  do  not  resemble  any  of  the  others  described  in 
this  paper. 

Fam.  CLUFEiDiE. 

Genus  Clupea. 

Clupea  harenguSy  Linn.     The  Herring.     PI.  iii.  b.,  figs.  15-24;  pi.  v., 
figs.  3  and  4. 

The  earstones  of  a  series  of  ten  herrings  of  dififerent  sizes  are  repre- 
sented on  pi.  iii  b.  The  largest  of  the  series  (fig.  15)  measured  12§ 
inches  (about  314mm.)  in  length,  and  the  smallest  (fig.  24)  about  125mm. 
Li  these  earstones  the  lower  margin,  which  is  only  slightly  arcuate,  is 
obscurely  crenulated  along  the  edge,  but  is  otherwise  unbroken;  the 
upper  margin  is  nearly  straight  and  parallel  with  the  lower,  but  its  con- 
tinuity is  interrupted  by  a  distinct  break  near  the  middle,  and  in  conse- 
quence of  this  break  the  anterior  half  of  the  earstone  is  very  narrow,  and 
only  about  half  the  width  of  the  posterior  portion.     The  posterior  end  is 


78 


Part  III, — Twenty-fourth  Annual  Report 


broadly  rounded,  and  the  posterior  portion  of  the  upper  margin  is  also 
crenulated.  The  sizes  of  the  various  specimens  referred  to  and  of  their 
earstones  are  given  in  the  annexed  Table : — 


Figure  on  the 
Plate. 

Length  of  the 
Fish.  \ 

Earstones. 

Lengrth. 

Depth. 

15  (PI.  iii.  B. ) 

16 

17 

18 

19 

20 

21 

22 

23 

24 

314mm. 
292mm. 
279mm. 
266mm. 
235mm. 
230mm. 
215mm. 
205mm. 
IMmm. 
125mm. 

Not  quite  4 '5mm.* 
About       5'Omm. 

,,          4*5mm. 

Nearly      5'Omm. 

Fully        50mm. 

. ,            5'Omm. 

3 '5mm. 

About       3 '5mm. 

,,          2'7mm. 

.,          2'Omm. 

Fully       2'Omm. 

,,           2'Omm. 

,,  2'Omm. 
About  2'Omm. 
Nearly  2 '5mm. 
2 '5mm. 
Scarcely  2'Omm. 
Fully  r.'>mm. 
About  1  '5mm. 
Fully        1  -Onim. 

The  comparative  sizes  of  the  earstones  of  the  herrings  given  here  varied  to 
some  extent,  ranging  from  about  the  fiftieth  to  the  sixtieth  part  of  the 
length  of  the  fish  they  belonged  to. 

Clupea  sprattm^   Linn.      The  Sprat.     PI.  iii.  b.,    figs.  25-32;  pi.  v., 
figs.  15-17. 

The  earstones  of  the  sprat  are  extremely  small,  and  easily  missed. 
They  resemble  those  of  the  herring  to  some  extent,  but  are  comparatively 
shorter  and  broader,  and  even  very  small  specimens  exhibit  this  charac- 
teristic difference.  The  earstones  of  the  largest  of  the  sprats  examined 
for  this  paper,  and  which  measured  about  3|  inches  in  length,  were  only 
about  r5mm.  in  extreme  length  by  1mm.  in  depth.  Other  two  sprats. 
3 1  inches  long,  showed  scarcely  any  difference  in  the  size  of  their  ear- 
stones from  that  of  the  specimen  just  referred  to  {see  figs.  27  and  28). 
The  position  of  these  otoliths  in  the  ear  chamber  is  similar  to  that  of  the 
herring — that  is,  the  narrow  part  of  the  earstone  is  towards  the  front  of 
the  head,  and  the  upper  margin  is  more  irregular  in  outline  than  the 
lower.  The  earstones  represented  by  fig.  29  are  from  a  fish  3^^  inches 
(84mm.)  long,  and  are  about  1mm.  in  length  by  0*7mm.  in  depth.  The 
otoliths  represented  by  figs.  30  to  32  are  from  sprats  measuring  72mm., 
67mm.,  and  60mm.  long. 

Clupea  pUcJiardus,  Bloch.     The  Pilchard.     PI.  iii.  b.,  fig.  33 ;   pi.  v., 
fig.  32. 


The  earstones  of  the  pilchard,  as  will  be  seen  from  the  photograph, 
are  somewhat  similar  to  those  of  the  herring,  both  in  form  and  size, 
except  that  they  are  rather  more  pointed  at  the  anterior  end.  The  fish 
from  which  these  earstones  was  obtained  was  6f  inches  (171mm.)  in 
length,  and  the  earstones  themselves  measured  3mm.  by  about  r2mm. 

*'nie  eMTttonei  of  this  specimen  were  imperfect. 
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Fam.  MuRANiDiE. 

Qenus  Anguilla, 

AnguUla  wlgariSy  Leach.   The  Eel.   PI.  i,  b.,  ^^^,  67-69 ;  pi.  v.,  fig.  25. 

The  largest  specimen  of  the  eels  whose  earstooes  are  represented  here 
measured  about  24  inches  in  length,  and  the  other  two  16  inches  and  12^ 
inches  respectively ;  their  earstones  are  very  small,  those  from  the 
largest  fish  are  only  about  3'5mm.  long  by  2 mm.  in  depth.  Those 
belonging  to  the  fish  next  in  size  (16  inches)  measured  fully  2'5mm.  by 
1.7mm.,  while  those  of  the  smallest  specimen  (12^  inches)  measured  2mm. 
by  1.5mm.  The  earstones  of  the  largest  of  the  three  fishes  are  only 
about  one-seventieth  part  of  the  entire  length  of  the  fish;  they  are  thus 
smaller  in  proportion  to  the  length  of  the  fish  than  most  of  the  others 
described  here. 

Genus  Conger, 

Conger  niger^  Risso.     The  Conger.     PI.  i  b.,  fig.  66 ;  pi.  iv.,  fig.  14 ;  pi. 
V.  fig.  7. 

Among  the  earstones  represented  here  are  those  of  two  specimens  of 
conger  --one  28|  inches  in  length,  the  other  54  inches.  The  first  are 
represented  by  fig.  66,  pi.  i.  b.,  an  enlarged  photograph  of  which  is  shown 
by  fig;  14,  pi.  iv.;  while  those  of  the  larger  fish  are  represented  by  fig.  7, 
pi.  V.  The  smaller  earstones  are  nearly  9mm.  long  by  about  S'5mm. 
in  depth,  but  the  length  of  the  larger  specimens  was  11 '5mm. ;  they  are 
thus  equal  to  about  the  one  hundred  and  twenty-third  part  of  the  entire 
length  of  the  fish.  The  earstones  of  the  smaller  fish  are  moderately  thin 
and  of  a  narrow  oval  outline,  being  widest  near  the  middle  and  with  one 
end  narrowly  rounded  and  the  other  narrow  and  angular.  Those  of  the 
larger  fish  are  tolerably  massive,  the  sides  are  nearly  parallel  but  some- 
what sinuous  in  outline,  and  the  ends,  like  those  of  the  smaller  fish,  are 
one  of  them  bluntly  rounded,  while  the  other  is  angular.  The  surface  of 
the  earstones  does  not  appear  to  be  ornamented  with  any  regular 
markings  except  one  or  two  shallow  longitudinal  ridges. 

Fam.   SYNGNATHIDifi. 

Genus  Nerophis, 

Nerophia  lumbriciformis,  Will.    The  Worm  Pipe-fish. 

The  earstones  of  a  specimen  of  this  pipe-fish  have  been  in  my  collection 
for  many  years  (since  March  19,  1885 — the  date  when  the  fish  was  cap- 
tared  at  Landerston  Bay,  Firth  of  Clyde).  They  are  so  exceedingly 
small  that  they  have  not  been  photographed  with  the  others  represented 
here.  They  are  compressed,  and  resemble  circular  disks,  except  that  one 
end  is  slightly  notched,  the  notch  being  a« little  on  one  side  of  the  middle 
line.  They  are  somewhat  like  certain  small  Foraminifera,  such,  for 
example,  as  Biloculina  depreesa^  but  more  diminutive.  Their  true  form 
can  only  be  made  out  satisfactorily  under  the  microscope,  with  a  1-inch 
objective.  They  measure  across  their  longest  diameter  about  '26mm. 
(about  ^  of  an  inch),  while  their  shortest  diameter  is  about  '19mm.  The 
earstones  of  these  fishes  are  so  exceedingly  small  that  they  are  easily 
overlooked. 
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I V. — LiTBEATURE. 

The  following  are  some  papers  in  which  the  otoliths  of  fishes  are  more 
or  less  specially  dealt  with : — 

Dr.  Reibisch. — **Ueber  die  Eizahl  bei  Pleut'onectes  platestta  und  die  Alters- 
bestimiuung  dieser  Form  aus  den  Otolithen."  Wisaensch.  MeeresiuiUrs^tch. , 
1899.  Neue  Folge  6d.  4,  Abthlg.  Kiel,  p.  231.  (This  work  I  have  not 
iseen.) 

Dr.  C.  Fbyd. — '*Die  Otolithen  der  Fisch  in  Bezug  auf  ihre  Bedeutung  fiir 
Systematic  und  Altersbestimmung.^'  Dissertat.  Kiel,  1901.  (I  have  not 
seen  this  paper.) 

Dr.  J.  T.  Jenkins. — **  Altersbestimmung  durch  Otolithen  bei  den  Clupeiden." 
Wissensch.  MeertsurUersiich. ,  1902.    Neue  Folge  Bd.  6,  Abthlg.  Kiel,  p.  83. 

J.  T.  CuNKiNOiiAM. — **  Zones  of  Growth  in  the  Skeletal  Structures  of  the 
CSadidsB  and  Pleuronectidae."  Twenty -third  Annual  Report  of  the  Fishery 
Board  for  Seotiand^  Ft.  III.,  p.  125.  et  sec,  pis.  vii.-ix.,  1905. 

Dr.  W.  Wallace. — **  Preliminary  Investigations  on  the  Age  and  Growth  rate  of 
Plaice."  International  Investigations^  Marine  Biw.  Assoc,  Report^  pp. 
199-226,  pi.  i. ,  1896. 

Dr.  Adolf  Severin  Jensen. — ^'On  Fish  Otoliths  in  Bottom  Deposits  of  the 
Sea.'*  Meddelelser  fra  Koinmissionen  for  HavundersifgeUer.  Ser.  Fiskeri 
Bd.  1,  pp.  1-14,  with  figures  in  the  text,  1905. 

Some  observations  on  Fish  Otoliths  by  the  writer  will  also  be  found  in  Part  III. 
of  the  Twentieth  and  Twenty-first  Annual  Reports  of  the  Fishery  Board  for 
Scotland,  p.  486  and  p.  218,  1902  and  1903. 


EXPLANATION   OF  THE  PLATES. 

a = anterior  end  of  otolith  ;  u= upper  margin  of  otolitli. 

PLATE  I.  A. 

Fig.    1-10.  Earstones  of  Codfishes,  various  sizes  slightly  enlarged. 

Fig.  11-13.  „  Lythe, 

Fig.  14-16.  .,  Coal-fishes, 

Fig.  17-18.  „  (?)  Ling, 

Fig.  19-26.  „  Ling, 

Fig.  27.  M  a  Greater  Fork  beard 
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Fig.    1-8. 
Fig.    9-12. 
Fig.  1^17. 
Fig.  18. 
Fig.  19-26. 
Fig.  26-29. 
Fig.  30. 
Fig.  31-32. 
Fiflr.  33. 
Fig.  34. 
Fig.  35-36. 
Fig.  37-41. 
Fig.  4-2-43. 
Fig.  44-45. 
Fig.  46-52. 
Fig.  53. 
Fig.  64-55. 
Fig.  56. 
Fig.  67-63. 
Fig.  64-65. 
Fig.  66. 
Fig.  67-69. 
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PLATE  I.  B. 

Earstones  of  Lesser  Forkbeard,  various  sizes  slightly  enlarged. 

several  3-Bearded  Rocklings,  various  sizes 

several  4-Bearded  Rocklings,         , , 

one  Flounder, 

several  Lemon  Dabs,  various  sizes 

four  Witch  Soles, 

one  Scald-fish, 

two  Meffrims 

one  Turoot 

one  Black  Sole 

two  Solea  variegata 

several  Solenottes,  various  sizes 

two  Miiller^s  Topknots 

two  Argentines 

several  Grey  Gurnards,  various  sizes 

one  Red  Gurnard 

two  Streaked  Gurnards 

one  Sapphirine  Gurnard     . 
,,  several  Lumpenus,  various  sizes    . 

,,  two  Sand-eels 

,,  one  Conger 

,,  three  Fresh- water  Eels 
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PLATE  II.  A. 

Fig.  1-5  and  9-16.  Kantones  of  Uadd(x;k8,  variouH  sizes 
Fig.  6-8  and  30,  31.  „         Whitings,  „ 

Fig.  1 7-24.  ESarstones  of  Brassies,  various  sizes 
Fig.  25-28.  »,  Norway  Pouts,  various  sizes 

Fig.  29.  ,,  one  Couch's  Whiting 


slightly  enlarged. 
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Fig.  1-6. 
Fig.  6-7. 
Fig.  8-9. 
Fig.  10. 
Fig.  1 1 . 
Fig.  12-14. 
Fig.  15. 
Fig.  16. 
Fig.  17. 
Fig.  18. 
Fig.  19-20. 
Fig.  21-24. 
Fig.  25-27. 
Fig.  28-29. 
Fig.  30. 
Fig.  31. 
Fig.  32. 
Fig.  33. 
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PLATE  II.   B. 

Earstonee  of  Megrims,  various  sizes 
.,  two  iSea  Breams 

two  Lesser  Weavers 

one  (wrcater  Weaver 

one  Bass 

three  BuIIan  Wrasses 

one  Striped  Wrasse 

one  Jago*s  <«oIdsiuny 

one  L^ser  (irey  Mullet 

one  Pogge   . 

two  Black  Gobies  . 

four  Speckled  Gobies 

throe  rowans 

two  Dabs    . 

one  Trout   . 

one  Salmon 

one  Sand-eel 

one  LipaHs 


♦  > 


slightly  enlarged. 
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PLATE  III.  A. 

Fig.  1-6  and  14.  Earstones  of  Halibut,  various  sizes 
Fig.    7-13.  Earstones  of  Long  Rough  Dal)8,      ,, 
Fig.  15-21.  „  Plaice, 

Fig.  22-26.  .,  Witch  Soles 

Fig.  27-31.  „  Dabs 

Fig.  .^2-25.  ..  Hake 


dlightly  enlarged. 
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Fig.    1-9. 
FiK.  10-14. 
Fig.  15-24. 
Fig.  25-32. 
Fig.  33. 
Fig.  34-35. 
Fig.  36. 
Fig.  37. 
Fig.  38-39. 
Fig.  40-43. 
Fig.  44-46. 
Fig.  47. 
Mg.  48. 
Fig.  49. 
Fig.  50-52. 
Fig.  53. 
Fig.  54-57. 
Fig.  58. 
Fig.  59. 
Fig.  60. 
Fig.  61-62. 
Fig.  63-65. 
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PLATE  III.  B. 

Earstones  of  Spotted  Dragonets,  various  sizes 
Dragonets, 
Herrings, 
Sprats, 
one  Pilcliards 
two  Atherines 
one  Mackerel 
two  Viviparous  Blennies 
two  Buttertishes     . 
four  Catfishes 
three  Pogges 
one  Chinnvrti 
one  Grey  Mullet 
one  Red  Mullet 
three  Norway  Haddocks 
one  Scorj[>f.fiM  (hictyloj^era 
four  fresh -water  Perches 
one  Lumpsucker     . 
one  Roacli  . 
one  fresh- water  Pike 
two  Lophiiu* 
three  Cot  tun 


sliglitly  enlarged. 
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Fig.  1. 

Fig.  2. 

Fig.  3. 

Fig.  4. 

Fig.  5. 
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PLATE  IV. 

Earstones  of  a  small  Haddock 

,,  a  Haddock,  14  inches  long 

, ,  a  Oadus  hisciia 

,,  a  Genius  tsniarkii    . 

,,  a  Oadiis  poutassou  . 


considerably  enlarge<l. 
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Fig.    6.         I-^r 

Fig.    7. 

Fig.    8. 

Fig.   9. 

Fig.  10  and  11. 

Fig.  12  .ind  13. 

Fig.  U. 

Fig.  15. 

Fig.  16. 

Fig.  17. 

Fig.  18. 

Fig.  10. 

Fig,  20. 

Fig.  21. 
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it  A  Leaser  Foricbeknl 

a  Leuer  Furkbeud  (very  youDg] 

a  ntuUl  Litkg 

an  Areentine 

two  4-Beuded  Rocklings 

two  Oniy  Onrnkrdjt 
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Fig.  34  and  25,  F^nUineiof  twoSolenettes 
Fig.  28  aod  29.  „  two  Solea  varitgala 

Fig.  30,  Earetones  of  a  Witch  Sole    . 
Fig.  31.  „  Lophiut  piKolorivM 
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Fig.  33.  „  a  Mackerel . 
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III.— THE  FOOD  VALUE  OF  THE  HERRING. 

By  T.  H.  MiLROT,  M.D.,  B.So.,  F.R.S.E.,  Professor  of  Physiology, 

Queen's  College,  Belfast. 
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Thb  Nutritive  Valui  of  th»  Herrino  at  Different  Periods. 


It  is  extremely  important  that  we  should  possess  defiuite  information 
with  regard  to  the  changes  which  the  herring  undergces  during  its 
dereiopment.  This  is  especially  true  with  regard  to  the  chemical  changes 
in  its  composition,  as,  merely  looked  at  from  the  economic  standpoint,  it 
is  advisabie  to  determine  the  periods  at  which  the  fish  is  most  valuable  as 
a  food  and  those  at  which  it  is  least  valuable.  As  a  problem  iu  biological 
chemistry,  it  is  also  extremely  important  to  arrive  at  accurate  information 
with  regard  to  the  metabolic  changes  which  take  place  in  the  fish  before, 
during,  and  after,  the  spawning  period. 

On  looking  up  the  literature  on  the  subject,  I  have  been  unable  to  find 
any  work  dealing  with  the  changes  in  composition  of  the  edible  parts  of 
the  herring  which  must  occur  during  the  reproductive  life  of  the  fish. 

There  have,  of  course,  been  analyses  published  of  the  chemical  com- 
position of  the  herring  in  the  fresh,  salted,  and  pickled  conditions,  but  no 
reference  is  made  to  the  condition  of  the  herring  at  the  time  of  the 
analysis  beyond  certain  vague  statements  sdch  as  "in  fine  condition,'' 
etc.  Payen  ("  Subst.  Alimentaires,"  p.  488)  gives  analyses  of  salted  herrings. 
Kbnig,  in  his  large  work  on  *' Nahrungs-Mittel,"  fid.  i.,  pp.  201-7,  gives 
some  of  his  own  analyses  as  well  as  those  of  others. 

Alm^n  gives  a  very  detailed  account  of  the  analyses  of  the  flesh  of 
various  fish  in  a  communication  by  him  to  the  Eoyal  Society  at  Upsala 
("Analyse  des  Fleisches  einiger  Fische.  Mitgeteilt  der  Koniglichen 
Gesellschaft  der  Wissenschaften  zu  Upsala,  am  7ten  April,  1877'* — Upsala 
1877.) 

Among  the  fish  examined  by  Alm^n  was  the  little  herring  (Clupta 
hmrengut  v.  membrait).  By  far  the  most  important  contribution  en  the 
•ubjeet  of  the  food  value  of  fishes  is  undoubtedly  the  report  by  Atwater 
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iu  the  U.  S.  Coiumissionei*'s  Report  on  Fish  and  Fisheries.  1888,  Part  xvi., 
1892).  This  report  deals  with  the  chemical  composition  and  nutritive 
values  of  food  fishes  and  aquatic  invertebrates.  Analyses  were  made  of 
the  flesh  of  123  specimens  of  American  fishes  belonging  to  52  species,  and 
among  these  are  given  analyses  of  fresh,  salted,  and  pickled  herrings.  He 
also  collects  all  the  analytical  literature  and  gives  a  table  of  the  maximal, 
minimal,  and  average  amounts  of  the  food  principles  present  in  the 
herring  as  given  by  difierent  authorities. 

I  give  it  here  in  order  to  show  that  there  are  marked  variations  in  the 
analytical  results,  especially  as  regards  the  fat. 


—                            .         

_  ,  _ —     _ 

-  -  _   — 

..  _  —  — 

Water. 

Water-free 
Substance. 

Protein 

i.e. 
N  X  6-25. 

Fats. 

Ash. 

Maxima. 

7611 

30-97 

1912 

11-01 

1-9 

Minima. 

69-03 

23-89 

15-31 

4-89 

1-5 

Average. 

7210 

27-90 

17-75 

8-02. 

1-69 

Atwater  adopted  all  the  precautions  which  he  thought  necessary  to 
render  his  analyses  accurate,  and  devotes  some  part  of  his  paper  to  a  criti- 
cism of  the  methods  of  analyses  employed  by  his  predecessors,  explaining 
in  some  cases  the  differences  in  the  results  by  probable  analytical  errors.  A 
very  important  and  most  probable  cause  of  divergence  in  the  analytical 
results  was  a  difference  in  the  condition  of  the  herring  at  the  time  of  the 
analysis.  As  we  shall  see,  there  are  great  differences  in  composition  of  the 
muscle  of  the  herring  at  different  periods,  and  these  differences  are  to  be 
observed  iu  herrings  obtained  from  the  same  waters,  when  they  are 
examined  at  different  months  of  the  year. 

For  purposes  of  comparison  it  is  extremely  desirable  that  the  herrings 
should  be  obtained  from  the  same  district  at  regular  intervals  for  at  least 
two  years,  and  that  analyses  should  be  made  of  muscles  and  genitalia. 

This  would  be  a  work  of  no  great  difficulty  if  three  or  four  persons 
were  occupied  with  the  investigation,  but  it  could  not  be  covered  by  a 
single  worker  unless  he  devoted  his  whole  time  to  the  work.  I  have  been 
unable  to  devote  more  than  a  comparatively  small  portion  of  my  time 
during  the  last  two  years  to  the  work,  and  it  is  only  during  the  last  year 
that  I  obtained  satisfactory  material  for  the  research. 

The  work,  therefore,  will  deal  with  herrings  mainly  obtained  from  the 
Loch  Fyne  district  during  1905  and  1906. 

Only  these  fish  were  employed  for  analysis  which  had  arrived  at  the 
laboratory  in  absolutely  fresh  condition.  During  the  summer  months 
thef  were  sent  in  a  double  walled  japanned  tin  carrier,  an  ice-salt  mixture 
filling  the  space  between  the  two  walls.  At  other  times  they  were  sent 
with  salt  sprinkled  over  them  or  without  any  preservative. 

The  fish  were  measured  and  weighed,  and  the  ovaries  or  milt  removed, 
weighed,  and  examined  microscopically,  the  ova  being  measured  by  means 
of  an  ocular  micrometer.  The  measurement  for  length  was  made  from 
end  of  snout  to  end  of  tail  fin  ;  for  girth,  in  front  of  the  dorsal  fin  around 
the  thickest  part  of  the  fish.    The  measurements  are  given  in  centimetres. 

The  weights  of  the  fish  and  reproductive  organs  are  given  in  grammes. 
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Methods  of  Analysis. 

It  was  impossible  to  adopt  many  precautions  which  might  have  been 
desirable,  owing  to  the  necessity  for  carrying  through  the  analysis  as 
quickly  as  possible. 

Such  estimations  as  these  of  the  percentage  of  water  in  the  muscles  and 
reproductive  organs  cannot  be  carried  out  in  such  a  way  as  to  absolutely 
prevent  loss  of  weight  from  any  other  cause  than  the  removal  of  water. 

(1)  Water  percentages, — The  skin  was  removed,  then  as  much  of  the 
the  muscular  tissue  as  could  be  conveniently  obtained  was  minced  up 
extremely  fine  by  being  passed  through  a  mincing  machine. 

Specimens  were  taken  between  watch  glasses  and  dried  in  a  warm  oven 
at  a  temperature  between  60°-70°C.,  under  conditions  where  oxidation 
was  prevented  as  far  as  possible,  the  final  drying  being  carried  out  in 
vacuo. 

The  same  procedure  was  adopted  in  the  case  of  the  reproductive  organs. 

(2)  Nitrogen  and  Phosphorus  estiinations, — It  was  of  course  necessary 
to  estimate  the  amount  of  nitrogenous  material  in  the  muscles  and 
genitalia,  and  it  was  also  thought  advisable  to  estimate  the  amount  of 
phosphorus. 

The  total  nitrogen  was  estimated  in  a  small  portion  of  muscle  and  also 
in  a  similar  quantity  of  ovary  or  milt  respectively,  the  method  that  was 
adopted  being  that  of  Kjeldahl. 

For  purposes  of  convenience  the  numbers  for  the  total  nitrogen  are  not 
given  in  the  tables,  but  arc  converted  into  terms  of  protein  by  multiplying 
the  amount  of  the  total  nitrogen  by  the  usual  factor,  6 '2 5.  This  is,  of 
course,  simply  a  matter  of  convenience,  some  of  the  nitrogen  being  present 
in  other  forms  than  protein.  As,  however,  by  far  the  most  important 
nitrogenous  constituent  in  the  muscles  and  genitalia  is  the  protein, 
probably  not  more  than  2  per  cent,  of  other  nitrogenous  constituents 
being  present,  it  is  sufficient  to  state  the  amounts  of  total  nitrogen  in 
terms  of  protein. 

The  phosphorus  was  estimated  in  a  portion  of  the  fluid  obtained  after 
incineration  by  the  Kjeldahl  method. 

The  fluid  was  rendered  amraoniacal,  then  acidified  with  nitric  acid,  and 
the  phosphate  then  precipitated  by  ammonium  molybdate.  The  phospho- 
molybdate  precipitate  was  subsequently  dissolved  in  ammonia,  and  the 
phosphate  precipitated  by  magnesia  mixture.  The  triple  phosphate  was 
then  received  on  an  ash-poor  filter  paper,  washed,  dried,  and  incinerated. 
It  was  then  weighed  and  the  weight  of  the  Mg2P207  was  then  calculated 
in  terms  of  P2O5,  and  given  as  such  in  the  tables. 

(3)  Fat, — The  finely  powdered  dried  material  (muscles  or  genitalia) 
was  placed  in  a  Soxhlet  filter  paper  tube  and  extracted  with  ether  in  the 
usual  way  for  about  36-48  hours.  Only  about  3-4  grammes  of  the 
dried  material  were  taken,  so  that  the  extraction  ought  to  have  been  fairly 
complete.     The  fat  was  freed  from  ether  and  weighed  in  the  usual  way. 

In  the  tables  the  amounts  of  proteid,  fat,  and  P2  0^^  are  given  in  two 
forms,  first,  in  grammes  per  100  grammes  fresh  muscle  and  fresh  ovaries 
or  milt ;  secondly,  in  terms  of  grammes  in  total  fresh  muscle  or  genitalia 
respectively,  as  calculated  for  the  average  fish  of  the  batch  under 
examination. 

It  was  thought  advisable  not  only  to  give  the  percentage  amounts  of 
proteid,  fat,  and  P2  O5,  but  also  the  absolute  amounts  in  the  muscles  and 
genitalia  respectively  of  the  same  fish.  The  weight  of  the  muscles  of  the 
fish  was  obtained  roughly  by  deducting  j  of  the  total  weight,  this 
fraction  being  supposed  to  cover  the  weight  of  the  head  and  bones. 
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Tables  are  also  given  showing  the  ratios  which  exist  between  the 
weight  of  the  fish  and  that  of  the  reproductive  organs  at  different  periods, 
and  also  those  existing  between  the  more  important  constituents  of 
muscles  and  genitals. 

Loch  Fyne  Hrrrtng,  May  10,  1906. 


{Oiier) 


Length. 

Girth. 

Weight.                     Condition 

Cm. 
25 
23J 
22| 
23i 
23 
23 
23 

2U 
22| 

22 

21| 

22 

Cm. 
Ill 
11 
12 
11 
lOj 
10 
lOi 
lOi 
lOi 
10 
10 
10 

Gm. 

113 

101 

104 

102 

93 

90 

88 

80 

85 

80 

74 

75 

Very  immature,  probably 
previously  spent  her- 
ring from  condition 
of  ovarian  capsule. 

There  were  large  num- 
bers of  very  small 
ova  present,  varying 
in  size  from  07- 
*15mm. 

22  9cm. 

10-7cm. 

90*4gm. 

Average. 

Weight  of  genitals  (fresh)  of  12  herrings,  2*5  grammes.     The  water 
percentage  of  these  genitals  was  71*52. 

Analyses  of  the  mttsdes  of  these  het*ring : — 
Females — 


(a)  Amounts  stated  in  percentages  of  fresh  material. 


In  grammes 
per  cent. 


Water. 
72-69 


Proteid. 
18-98 


Fat. 
7-25 


•68 


{b)  Grammes  in  the  total  muscles  of  the  average  fish  of  this 
series. 


In  grammes, 


Proteid. 
11-38 


Fat. 
4-35 


•40 


Ardribhaio,  May  U,  1906. 

These  herring  were  very  small,  and,  with  one  exception,  contained  very 
immature  ovaries.  One  herring  (No.  11)  contained  ovaries  which 
weighed  14-75  grammes,  and  the  ova  which  were  present  measured  r2mm. 
in  diameter  and  were  being  discharged. 

The  immature  ovaries,  although  they  contained  large  numbers  of  very 
small  ova,  were  evidently  comparatively  recently  spent  (see  following 
pages  for  measurements  and  anaJyses). 
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Length. 

Girth. 

Weight. 

Condition. 

Cm. 

Cm. 

Gm. 

Series  A.  1 

20 

8-5 

58 

The  ova  were 

2 

20-5 

9 

60 

very  imma- 

S 

20-5 

9-5 

67 

ture.      The 

4 

20-5 

9-5 

67 

weight     of 

5 

20-5 

9 

64 

the  10  pairs 

6 

21 

9 

72 

of   genitals 

7 

21-5 

10 

75 

was  2'4gm. 

8 

22-5 

9 

75 

in  the  fresh 

9 

21 

9-5 

70 

condition. 

10 

25 

11 

116 

Average, 

21-3cm. 

9 '4cm. 

72'4gm. 

.11 

23 

10 

91 

Ovaries 
weighed 
1  4  -7  5  gm., 
and      their 
ova  measur- 
ed l*2mm. 

Afudyie8  of  the  muades  of  these  herring : — 
Femdlee— 


Series  A — {fish  mth  immature  ovaries  previously  spent). 
(a)  Amounts  stated  in  percentages  of  fresh  material. 


In  grammes 
percent. 


Water. 
73-01 


Proteid. 
17-55 


Fat. 
5-85 


•82 


(6)  Grammes  in  the  total  muscles  of  the  average  fish  in  the 
series. 


Proteid. 

8-47 

B^  {herring  mth  mature  ovaries). 


Fat. 
2-82 


39 


(a)  Amounts  stated  in  percentages  of  fresh  material. 


Water. 
72-9 


Proteid. 
20*58 


Fat. 
3-52 


P.O. 
.51 


(6)  Grammes  in  total  muscles  of  fish 

Proteid. 
12-34 


Fat. 
211 


.48 
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July 

29,  1905.* 
Weight. 

Length. 

Girth. 

Weight  of 
Genitals. 

Cm. 

Cm. 

Gm. 

1 

Gm. 

24 

12 

116 

0-35 

22 

11-5 

96 

046 

23-5 

12 

99 

0-20 

23 

13 

120 

0-67 

23 

11-5 

91 

0-20 

22-5 

12 

105 

074 

23 

12 

107 

1            0-33 

24 

12-5 

124 

118 

21-5 

11 

82 

0-49 

22-5 

12 

105 

0-43 

225 

11-5 

102 

0-39 

22 

11 

92 

0-22 

23 

12 

97 

015 

24 

13 

127 

0-50 

22-6 

12 

100 

0-44 

25 

13          ! 

137 

0-53 

24 

12-5 

119 

0-81 

22 

11 

88 

0-20     . 

22 

11 

92 

0-20 

23 

1                                   i 

13 

120 

0-6. *> 

Avg.    22-9 

1 

1 

11-9 

100-9 

0-45 

These  herring  were  still  in  immature  condition  ;   the  ova  were  only 
slightly  larger  than  in  the  herrings  caught  on  May  10. 

Analyses  of  the  mtiscle  (fresh)  ; — 

(a)  Amounts  stated  in  percentages  of  fresh  material. 


Water. 
71-60 

Proteid. 
1818 

Fat. 
7-32 

P2O, 
•45 

(^) 

Grammes 

in  the  total  muscles  of  the 

average 

fish. 

Proteid. 
1218 

Fat. 
4-90 

•30 

AnaJyses  of  the  genitals  (fresh) ;  — 

(a)  Grammes  in  100  grammes  of  fresh  material. 

Water.  Proteid.  Fat. 

72-5  13-52  8-92 


P20« 
•77 


(Jb)  Grammes  in  the  amount  of  genitals  present  in  the  average 
fish  of  series. 


Proteid. 
•05 


Fat. 
-03 


•003 


*  For  analyses  of  the  muKcles  of  herrings  caught  in  l^orh  Fyne  during  the  latter 
part  of  May  and  beginning  of  June  1906,  n*^  pp.  103-107. 
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Ardrishaio,  Septimber  15,  1905. 

These  herriug  were  very  small,  the  average  length  of  six  females  being 
20cni.,  and  the  average  weight  80  grammes.  The  weight  of  the  ovaries 
in  these  six  herrings  was  5*70  grammes  weighed  in  the  fresh  condition — 
that  is  to  say,  the  average  weight  per  fish  was  *95  grammes.  The  ova 
were  very  immature,  varying  in  size  from   15mm.-*45mm. 

The  male  herrings  had  approximately  the  same  measurements,  the 
average  length  of  eleven  being  20cm.,  and  the  average  weight  *75  grammes. 
The  testes  from  these  eleven  herrings  weighed  10*65  grammes  in  the  fresh 
condition,  t.e.,  *97  grammes  per  fish. 

Analyses: — 

Fejnalett — 
I. — Muscles. 

(a)  Amounts  stated  in  percentages  of  fresh  material. 

Water.  Proteid.  Fat.  PgOa 

63-68  19-28  11-81  -64 

{h)  Grammes  in  totvl  muscles  of  average  fish. 

Proteid.  Fat.  F^O^ 

10-41  6-37  -34 

II. — Ovaries. 

(a)  Grammes  in  100  grammes  fresh  ovanes. 

Water.  Proteid.  Fat.  P2O5 

66-02  1891  7-34  123 

{b)  Grammes  in  ovaries  of  average  fish. 

Proteid.  Fat.  P^Os 

017  0-07  -Oil 

M(de8 — 
I. — Muscle*!. 

(a)  In  percentages  of  fresh  material. 

Water.  Proteid.  Fat.  P2O5 

61-68  18-65  14-25  -52 

{h)  Per  average  fish  in  total  muscle.^. 

Proteid.  Fat.  PgOg 

9-32  7-12  -25 

II.— Testes. 

(a)  In  100  grammes  fresh  material. 

Water.  Proteid.  Fat.  V^O^ 

7200  2218  2-84  — 

{h)  In  total  "testes  of  average  fish. 

Proteid.  Fat.  PaO, 

0-21  0-27  — 

October,  1905  (Loch  Fyne). 

Some  of  these  herrings  were  in  rather  a  more  mature  condition  than 
others,  and  so  the  females  have  been  divided  into  two  series  for  analysis ; 
first,  those  with  ovaries  containing  ova  of  about  '28mm.  in  diameter,  and, 
lecondly,  those  whose  ova  averaged  -59mm. 
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SiRIBB  A. 


Length. 

Girth. 

Weight. 

Condition. 

Cm, 

Cm. 

Gm. 

28 

15 

206 

The  ovaries  from  these 

27 

13-5 

150 

7   herrings  weighed 

25 

13 

147 

collectively     1 7gm. , 

24-5 

12-5 

130 

and  the  average  size 

23-5 

12 

115 

of  ova  was  *28mm. 

23-5 

12-5 

122 

26 

13 

148 

25cm. 

13cm. 

144*5gm. 

1 
Average 

Series  B. 


Length. 

Girth. 

Weight. 

1 
Condition. 

Cm. 

29-5 

28-5 

27-5 

24*5 

24 

25 

29-5 

28 

Cm. 
16 
15-5 
13-2 
12-5 
12-2 
145 
155 
14 

Gm. 
257 
220 
167 
129 
119 
220 
229 
197 

The  ovaries  from  these  8 
herrings  weighed  col- 
lectively 74gm.,  and 
the  average   size   of 
the  ova  was  •59mm. 

1 
1 

27cm. 

14cm. 

192gm. 

Average. 

Males, 


Length. 

Girth 

Weight. 

Condition. 

Cm. 

Cm. 

Gm. 

28-5 

16 

242 

The  testes    from   4    of 

30-5 

17 

275 

these  herrings  weighed 

27 

14-4 

157 

collectively  96gm. 

27 

13-2 

157 

27-5 

14-5 

185 

25 

12-5 

135 

25-5 

12-5 

143 

25-5 

3 

143 

26 

12 

119 

27 

13 

145 

27 

12-2 

123 

26-7cm. 

13-6cin. 

166gm. 

Average. 

1 
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Analyses  of  Females  :- 

Seriee  A. 

Muscles. 

(a)  In  percentiges. 

Water.  Proteid.  Fat.  PjOg 

69-97  12-78  U-25  '53 

ijb)  In  total  muscles  of  average  fish. 

Proteid.  Fat.  PaOg 

12-39  13-82  -51 

0  Fades. 

(a)  In  percentages. 

Water.  Proteid.  Fat.  PjO^ 

78-21  17-26  '         2-53  -71 

{h)  In  ovaries  of  average  fish. 

Proteid.  Fat.  PgOg 

•41  -33  -01 

Series  fi. 

Muscles. 

(a)  In  percentages. 

Water.  Proteid.  Fat.  PjOg 

70-46  14-84  1270  -57 

{h)  Per  average  fish. 

Proteid.  Fat.  V^O^ 

14-80  12-51  -55 

Ovaries, 

(a)  In  percentages. 

Water.  Proteid.  Fat.  P^Os 

68-02  22-45  4-80  -93 

(b)  Per  average  fish. 

Proteid.  Fat.  V^O^ 

2-08  -44  -05 

Males — 

Muscle. 

(a)  In  percentages. 

Water.  Proteid.  Fat.  PaOg 

68-91  16-18  12-63  -50 

(6)  Per  average  fish. 

Proteid.  Fat.  PaO^ 

18-44  14-39  -57 

Testes. 

(a)  In  percentages. 

Water.  Proteid.  Fat.  PjO, 

72-13  22-62  2-25  -86 

{h)  Per  average  fish. 

Proteid.  Fat.  PgOf, 

5-42  -54  13 
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Ardrishaig,  November  6,  1905. 

These  herring  were  large  and  in  good  conditon,  and  the  ova  were 
almost  mature.  They  have  been  divided  into  two  sets,  females  and 
males,  the  measurements  of  which  are  as  follows : — 

I.  Females, 


Length. 

Girth. 

Weight. 

Weight  of 
Ovaries. 

Om. 
30 
31 
33 
31 
30 
31 
32 
32 
32 
30 
32 
29 
30 
29 

Cm. 

16-5 

16 

17-5 

16 

16 

16 

16-5 

17 

16-5 

16-5 

16-5 

15 

15 

14 

Om. 
275 
270 
326 
255 
261 
260 
297 
290 
275 
276 
304 
210 
204 
192 

6m. 

35-7 

38-2 

51-6 

31-8 

25-6 

18-9 

31-6 

35-2 

31-4 

28-8 

32 

201 

15-4 

15-8 

Avg.  30-8cm. 

16cro. 

264gm. 

29-5gm. 

The  ova  were  from  '8-1  mm.  in  diameter. 


II.  Males, 


Length. 


Cm. 
31 
31 
31 
29 
30 
33 
32 
30 
31 
31 
31 
29 
30 


Avg.  30-7cm. 


Girth. 


Cra. 

17 

17 

16 

14 

16 

16 

16 

17 

17 

16 

15-5 

14-5 

16 


16cm. 


Weight. 


Gm. 
279 
316 
277 
215 
257 
296 
287 
290 
303 
252 
230 
195 
255 


265'5gm. 


Weight  of  Testes. 


Gm 

44-5 

52 

40-6 

31-4 

40-9 

37-3 

401 

4M 

46-6 

35-6 

26-8 

24-4 

44-6 


38'9gm, 
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Fefnales — 

Muscle. 

(a)  In  percentages. 

Water.  Proteid.  Fat. 

66-34  19-87  1085 

{b)  In  total  muscles  of  average  fish. 

Proteid.  Fat 

52-45  28C4 

Ovaries. 

(a)  In  perceutages  of  fresh  material. 


Water.  Proteid. 

68-04  2604 

(5)  Per  average  fish. 

Proteid. 
7-38 
Males— 

Muscle. 

(a)  In  percentages. 

Water.  Proteid. 

68-22  17-94 

(b)  Per  average  fish. 

Proteid. 
31-77 


Fat. 
2-85 

Fat. 
-84 


Fat 
10-84 

Fat. 
19-18 


-59 


P.O. 
1-55 


P2O5 
•91 


P2O, 


•26 


P2O5 
-46 


P2O5 
•81 


Helmsdalb  Herrings,  Decbmber  6,  1905. 

Two  herrings  (females)  were  taken  for  analysis  from  a  batch  containing 
fish  of  approximately  the  same  size.     Their  measurements  were : — 


Length. 

Girth.                  Weight. 

Weight  of  Ovaries. 

Cm. 
29 
29 

1 

Cm.                      Gm. 
145                        195 
14-5                        194 

Gm. 
26 
35 

Avg.  29cm. 

14*5cm.             H»4-5gm. 

30-5gm. 

Size  of  ova,  '8-1 -2mm.     These  herring  had  evidently  commenced  to 
spawn. 

Analyses : — 

Muscle. 

(a)  In  percentages. 

Water.  Prottid.  Fat. 

70-50  23-01  2-75 

(6)  Per  average  fish  (total  in  muscles). 

Proteid.  Fat. 

28-76  3-4 


-77 


•96 
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Ovaries. 

(a)  In  percentages. 

Water.  Proteid. 

65-73  27-76 

4 

(h)  Per  average  fish. 

Proteid. 
9-82 


Fat. 
3-34 

Fat. 
1-00 


119 


PaO 
•34 


Loch  Gaib^  Deobmber  13,  1905. 

These  fish  were  very  large,  with  ovaries  of  greater  weight  than  in  any 
other  herrings  which  were  analysed.  The  ova  varied  in  size  from  *9mm. 
to  r2mm. 

The  following  were  the  measurements : — 

FemaJei. 


Length. 


Girth. 


Weight. 


Cm. 

31 

30-5 

30-5 

31 

30-5 
.31 


Ayg.  30'7cm. 


Cm. 
17-5 
15 

16-5 
16-5 
16 

17-5 


16*5cm. 


Males, 


Analyses : — 

Females, 

Muscle. 

(a)  In  percentages. 
Water.  Proteid. 

67  36  20-56 

(6)  Per  average  fish. 

Proteid. 
4112 


Fat. 
8-18 

Fat. 
16-86 


Weight  of 
Ovaries. 


Gm. 

Gm. 

326 

63 

268 

43 

272 

30 

330 

48 

285 

47 

318 

51 

299-8gm. 

47gm. 

P.O. 

•68 


PjO, 
1-37 


Length. 

1 
Girth.                 Weight. 

Weight  of 
Testes. 

Cm. 
31 
31 

Cm. 
17 
17 

Gm. 
298 
320 

Gm. 
61 
55 

Avg.  31 

17cm. 

309gm. 

58gm. 
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Ovaries. 

(a)  In  percentages. 

Water.                  Proteid. 
67-33                     25-72 

Fat. 
2-89 

P>05 
1-03 

(b)  Per  average  fish. 

Proteid. 
12-08 

Fat. 
1-35 

•48 

Males. 

Mosclo. 

(a)  In  percentages. 

Water.                   Proteid. 
68-31                     21-45 

Fat. 
9-24 

P2O5 
•73 

(6)  Per  average  fish. 

Proteid. 
44-18 

Fat 
1903 

P2O5 

1-51 

Testes. 

(a)  In  percentages. 

Water.                   Proteid. 
72-10                      22-05 

Fat. 
3-73 

P3O5 
210 

(b)  Per  average  fish. 

Proteid. 

12-78 

Fat. 
2-16 

P3O* 
1-21 

L0CHB018DALE  Hbrring,  Dkcbmbbr  28,  1905. 

These  fish  were  either  spawning  or  spent.  They  have  therefore  heen 
divided  into  two  classes  for  examination — one,  Series  A,  spawning,  the 
ova  varying  in  size  from  -9mm.  to  r4mm;  the  other,  Series  B,  spent. 

The  males  were  not  examined. 


Seuibs)  a. 


Length. 

Girth. 

Weight. 

Weight  of 
Ovaries. 

Cm. 
27-5 
26-5 
26 
26 
26-5 
26 
26 
25 
26 

Cm. 
13-5 
14 
13-5 
12 
13 
14 
13 
12 
13-5 

Gm. 
165 
157 
141 
127 
168 
160 
150 
115 
150 

Gm. 
18 
14-8 
25 
11-5 
20-3 
18-3 
19-4 
10-5 
18-8 

Avg.  26cm. 

13cm. 

148gm. 

17-4gm. 
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Series  B  (spent). 


Length. 


Girth. 


Cm. 
23 

28 


Avg.    25'5cm. 


Cm. 
12 
12 


12cm. 


Weight. 


Gm. 
153 
140 


146*5gm. 


Series  A  (spawning). 
Muscles. 

(a)  In  percentages. 
Water.  Pioteid. 

7412  18-91 

(6)  Per  average  fisb. 

Proteid. 
1815 
Ovaries. 

(a)  In  percentages. 
Water.  Proteid. 

7000  24-75 

{h)  Per  average  iish. 

Proteid. 
4-23 
Series  B. 
Muscles. 

(a)  In  percentages. 
Water.  Proteid. 

75-30  19-69 

(6)  Per  average  fish. 

Proteid. 
18-53 


Fat. 
2-02 

-66 

Fat. 
1-93 

P2O5 
•61 

Fat. 
3-72 

P3O5 
•93 

Fat. 
•63 

P3O5 
•16 

Fat. 
1-55 

Fat. 
1-51 


P,0, 

mm  mm 

U  i 

P,0, 
•75 


February  8,  1906. 

These  herring  were  in  the  spent  condition.     Six  females  were  taken 
for  examination.    Their  measurements  were  as  follows  : — 


Length. 

Girth. 

Weight. 

Cm. 

Cm. 

Gm. 

26 

11 

115 

28 

12 

143 

28 

12 

155 

29 

13 

156 

29 

12 

150 

1 

28 

12 

136 

1 
! 

Avg.       28cm. 

12cm. 

142-5gm. 
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7^  pairs  of  spent  ovaries  were  taken  from  herrings  sent  at  this  time, 
and  were  found  to  weigh  9*51  grammes.     Those  were  dried  and  analysed. 

I. — Muscles. 


(a)  In  percentages. 
Water.                   Proteid. 

Fat. 

P2O, 

78-97           *           18-05 

0-68 

•73 

(6)  Per  average  fish. 

Proteid. 

Fat. 

P»05 

16-60 

0-62 

0-66 

I.  —Ovaries  (spent). 

(a)  In  percentages. 
Water.                   Proteid. 

Fat. 

P»Os 

8207                       3-78 

11-83 

•91 

{b)  Per  average  fish. 

Proteid. 

Fat. 

P3O5 

•29 

•09 

•016 

Before  discussing  these  results  it  will  prove  of  some  advantage  to  com- 
pare the  ratios  which  exist  between  the  weight  of  the  fish  and  the  weight 
of  the  ovaries^  as  well  as  certain  other  ratios. 

Ratio  of  Weight  op  Fish  to  Weight  of  Ovaries  at 

Different  Seasons: — 


Weight 

Weight 

IHstrict  and  Period. 

of 

Condition. 

Fish. 

Ovaries. 

Loch  Fyne — May  10,      . 

434-6 

Immature. 

,,             May  11— Series  A,     . 

301-6 

Immature. 

,,             May  11— Seriefl  B,      . 

61 

Mature. 

July  29,      . 

224-2 

Immature. 

Sept.  16,     . 

84-2 

Immature  (Ova  -16-45mm.). 

„            Oct. — Series  A,  . 

60-2 

Immature  (Ova  '28mm.). 
Immature  (Ova  •69mm.). 

„            Oct.— Series  B,  . 

20-8 

,,            Nov.  6, 

8-9 

Almost  mature  (Ova  -8  1mm.). 

Heliu.sdale — Dec.  6, 

6-3 

Almost  mature  (Ova  '8-1  ^mm.). 

Loch  Fyne— Dec.  13,      . 

63 

Mature  (Ova  -9-1  •2mm.). 

Lochboudale— Dec.  28 — Series  A, . 

8-5 

Spawning. 

„               Dec.  28— Series  B, . 

Silent. 

Spent. 

Spent. 

,,               Feb.  8,    . 

»» 

?> 

Spent. 

Ratio  of  Protbiu  to  Fat 

IN  THE  Muscles  and  < 

Ovaries  respectively  : — 

District  and  Period. 

Muscles. 

Ovaries. 

Condition. 

Proteid :  Fat. 

Proteid :  Fat 

Loch  Fyne— May  10,    . 

2-61  :  1 

Immature. 

May  11— A,     . 

3-00  :  1 

^ 

Immature. 

May  11-B,      . 

5-84  :  1 

—        — 

Mature. 

July  29.   . 

2-48  :  1 

1-61  • 

Immature. 

,,             Sept.  16,  . 

1-63  :  1 

2-67 

Immature  (Ova  -16-'46mm.). 

„             Oct.— A,  . 

0-89  :  1 

6-82 

Immature  (Ova  28mm«). 

„             Oct.— B,  . 

1-16  :  1 

4-67 

Immature  (Ova  '69mm. X 

„             Nov.  6,    , 

1  83  :  1 

8-78 

Almost  mature  ( Ova  -8-1  mm.). 

Helmsdale — Dec.  6, 

8-36  :  1 

8-31 

Almost    mature    (probably 

about  to  spawn). 

Loch  Kyne— Dec.  18,   . 

2-61  :  1 

8-9    :  1 

Mature  (about  to  spawn). 

Lochboudale— Dec.  28— A, . 

9-36  :  1 

6-66  :  1 

Spawning. 

Dec.  28— B, . 

1270  :  1 

—        — 

Spent. 

„              Feb.  8, . 

26-64  :  1 

812  :  1 

Spent. 
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Ratio  op  total  Protbid  of  Musclbs  to  total  Protbid 

OF  Ovaries. 


District  and  Period. 

Muscle      Ovarian 
Hroteid  :  Proteid. 

Condition. 

Loch 

11 

»i 

»i 

>i 

Heliii 

Loch 

Lochi 

Fyne— May  10, 

May  11— A, 
May  11-B, 
July  29, 
Sept.  15, 
,            Oct— A, 
Oct— B, 
,             Nov.  6, 
adale — Dec.  6, 
Fyne— Dec  13, 
aoisdale— Dec.  28— 
„              Dec.  28-1 
„              Feb.  8, 

A,  .' 

B,  . 

243-6      : 
61-2 
80-2 

7-1 

7-1     • 

2-9 

8«3 

4-2      : 

67-2 

1 

Immature. 

Immature  (Ova  '16 -•45mm.). 

Immature  (Ova  '28mm.). 

Immature  (Ova  *59mm.). 

Almost  mature  (Ova  'S-lmm.). 

Almost  mature  (Ova  -8-1  •2mm.). 

Mature  (about  to  spawn). 

Spawning. 

S)>eDt. 

Spent. 

Ratio  of  total  Fat  op  Muscles  to  total  Fat  of  Ovaries. 


District  and  Period. 

Fat  of        Fat  of 
Muscles  :  Ovaries. 

Condition. 

Loch  Fvne— July  29, 
Sept  16, 
Oct-A. 
Oct.-B, 
Nov.  6, 
Helmsdale— Dec.  6, 
Loch  Fyne— Dec.  13, 
Lochboisdale— Dec.  28—. 
Feb.  8, 

A,     '. 

168-3 
91 
41-8 
28-4      : 
34 

3-43 
121 

3 

6-8 

Immature. 

Immature  (Ova  -IS- •45mm.). 

Immature  (Ova  *2dmm.  . 

Immature  (Ova  -59mm.  . 

Almost  mature. 

Almost  mature  (about  to  spawn). 

Matures 

Spawning. 

Spent 

(Table. 
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On  looking  over  these  tables,  especially  the  one  gfven  on  pp.  99, 
one  is  struck  by  the  very  marked  variations  in  the  composition  of  the 
muscle  of  the  female  at  dififerent  periods  during  its  reproductive  life.  In 
all  probability  much  the  same  changes  occur  in  the  case  of  the  muscles 
of  the  male  herring  daring  the  growth  of  the  testes,  but  the  data  which 
are  given  are  insufficient  to  warrant  one  in  drawing  definite  conclusions 
on  this  point. 

Summary  of  Results. 

(1)  The  tables  on  pp.  97,  98,  show  clearly  the  alteration  in  the  ratio 
between  the  weight  of  the  fish  and  the  weight  of  the  ovaries  before, 
during,  and  after  spawning,  the  variations  being  produced  by  the 
proportionately  much  greater  increase  in  the  ovaries  than  in  the  rest  of 
the  fish  during  the  period  of  maturation. 

(2)  As  the  muscles  constitute  the  main  source  of  the  nutritive  value  of 
the  herring,  it  is  most  important  to  recognise  the  variations  in  their 
composition.  These  are  most  striking,  especially  as  concerns  the 
percentage  of  fat,  and  as  this  food  principle  possesses  such  a  high  caloric 
value,  any  marked  decrease  in  its  amount  lowers  the  nutritive  vahie  of 
the  fish  to  a  serious  extent. 

The  lowest  fat  percentage  which  was  obtained  occurred  in  the  large 
spent  herrings  obtained  from  Lochboisdale  in  February  last,  and  the 
total  amount  of  fat  present  in  the  collective  muscles  of  the  average  fish 
was  exceedingly  small.  The  percentage  amoimt  of  water  in  these 
muscles  was  higher  than  normal,  but  the  proteid  and  P2O5  percentages 
were  but  little  affected. 

The  herrings  obtained  from  the  same  district  at  the  close  of  December 
of  last  year  contained  a  slightly  larger  percentage  of  fat  in  their  muscles, 
and  of  the  two  series  of  fish  examined  those  which  were  spent  contained 
rather  less  than  those  which  were  spawning. 

In  the  herrings  obtained  from  Helmsdale  at  the  beginning  of  December, 
the  fat  percentage  was  but  little  above  that  of  the  Lochboisdale  spawning 
fish.  Some  of  these  herring  were  evidently  just  about  to  spawn,  the 
ovaries  being  very  large. 

The  herrings  obtained  from  Loch  Qair  about  the  middle  of  December 
show  a  moderately  high  percentage  of  fat,  but  still  markedly  lower  than 
in  any  Loch  Fyne  herrings  caught  during  the  months  of  September, 
October,  and  November.  The  highest  percentage  of  muscle  fat  was 
found  in  October  fish. 

In  the  summer  fish  from  Loch  Fyne,  where  the  ovaries  were  in  an 
immature  condition  the  fat  percentage  was  usually  about  that  which  is 
often  given  as  the  average  for  the  herring.  The  fat  percentage  of  the 
herring  muscles,  therefore,  continues  rising  during  the  three  months, 
probably,  of  August,  September,  and  October.  It  begins  to  fall  slightly 
in  November,  markedly  in  December,  most  markedly  during  spawning 
and  continues  At  a  low  level  until  the  fish  begin  to  feed  again. 

The  variations  in  the  total  amount  of  fat  present  in  the  muscles  of  the 
fish  are  practically  the  same  as  those  observed  in  the  percentages,  except  in 
cases  where  the  herrings  being  extremely  large — as,  for  example,  the  Loch 
Gair  specimens — the  absolute  amount  of  fat  present  remains  high  although 
the  percentage  has  commenced  to  fall.  For  further  details  with  regard 
to  the  fat  percentages  the  reader  is  referred  to  the  tables. 

The  variations  in  the  percentage  amounts  of  proteid  are  less  marked. 
It  is  naturally  lowest  when  the  fat  percentage  is  highest  unless  in  cases 
where  the  amount  of  water  in  the  muscles  is  below  the  average  when 
both  proteid  and  fat  may  show  a  fairly  high  percentage. 
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(3)  The  fat  percentage  of  the  ovaries  is  highest,  evidently,  in  the  case 
of  Loch  Fyne  herrings  between  the  months  of  July  and  September.  It 
is  low  at  the  time  when  the  amount  in  the  muscles  is  high.  The  absolute 
amount  of  fat  in  the  ovaries  per  average  fish  is,  of  course,  highest  in  the 
case  of  the  large  November  and  December  fish.  With  the  onset  of 
spawning  the  absolute  amount  of  fat  begins  to  fall. 

The  total  amounts  of  P2O5  in  the  muscles  and  ovaries  are  highest 
during  the  months  of  November  and  December. 

(4)  The  ratio  of  muscle  proteid  to  ovarian  proteid  practically  is  the 
same  as  that  between  total  weight  of  fish  and  total  weight  of  ovaries  (see 
tables,  pp.  97,  98). 

(5)  The  ratios  between  the  muscle  proteid  and  muscle  fat,  and  ovarian 
proteid  and  ovarian  fat  are  shown  clearly  in  the  table  on  p.  97. 
The  most  important  ratios  are  those  between  the  muscle  proteid  and 
muscle  fat.  Owing  to  the  rise  in  the  fat  percentage  during  September, 
October,  and  November,  it  gradually  approaches  that  of  the  proteid,  and 
in  the  case  of  the  October  A  series  actually  rises  above  the  latter. 

(6)  The  ratio  between  the  muscle  fat  and  ovarian  fat  is  given  in  the 
table  on  p.  98. 

(7)  The  composite  table  on  p.  100,  giving  analyses  of  male  muscle 
and  testes  is  not  sufficiently  complete  to  enable  one  to  draw  definite 
conclusions  from  it,  except  in  so  far  that  the  male  muscle  evidently  under- 
goes the  same  changes  as  the  female. 

In  the  light  of  the  above  facts,  it  is  interesting  to  compare  the  principal 
feeding  times  for  these  herring  with  the  variations  in  their  composition. 
Brook  and  Calderwood  (Report  on  the  Food  of  the  Herring,  Fourth  Annual 
Report  of  the  Fishery  Board  for  Scotland,  Edin.,  1886,  Appendix  F.  No. 
YI.,  pp.  102-128)  state  that  on  the  West  Coast  of  Scotland  the  principal 
spawning  time  is  from  February  to  April  {e.g.,  on  the  Ballantrae  coast), 
while  the  principal  feeding  time  is  from  April  to  September.  The 
principal  food  is  copepods,  which  are  taken  practically  exclusively  from 
April  to  June.  Towards  the  end  of  the  feeding  time  they  are  practically 
replaced  by  schizopods. 

The  spawning  takes  place,  just  as  in  the  case  of  the  East  Coast  fish, 
six  to  eight  months  after  the  richest  feeding. 

Heincke  ("  Naturgeschichte  des  Herrings,"  p.  48)  has  shown  that  the 
herriug  after  spawning  seeks  a  place  where  it  can  get  ample  food 
to  recuperate.  For  example,  the  herrings  of  Schley,  after  leaving  the 
spawning  beds  in  June,  take  three  or  four  months  to  feed  up  in  Kiel 
Bay.  In  September  and  October  they  are  fattest,  and  then  begins  anew 
the  development  of  the  reproductive  organs,  which  up  to  this  time  was 
checked.  This  takes  up  the  whole  autumn  and  winter,  the  fish  still 
taking  food,  but  it  is  not  used  for  the  building  up  of  fat,  but  for  the 
development  of  the  genitalia.  With  the  increase  in  the  development  of 
the  genitals,  the  desire  for  food  diminishes  until  spawning  time  arrives, 
when  no  food  is  taken  at  alL  There  are  thus  three  periods  in  the  yearly 
life  of  the  Schley  herring  : — 

1st.  The  restitution  or  the  feeding  period.  This  continues  for  3-4 
months  after  spawning  and  is  the  principal  feeding  time.  The 
spent  thin  fish  during  this  period  recovers  and  lays  on  a  large 
amount  of  fat. 
2nd.  The  ripening  period.  This  continues  for  6-7  months.  The 
herring  still  continues  to  eat  but  gradually  with  less  desire,  while 
the  sexual  organs  increase  at  the  expense  of  the  fat. 
3rd.  The  spawning  period.  This  continues  for  2  months,  and 
daring  this  time  feeding  stops. 
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It  is  possible  that  for  a  short  time  (a  month  perhaps)  after  spawning 
the  herring  does  not  take  food. 

There  are  without  doubt  similar  periods  during  the  reproductive  life 
of  herrings  from  all  districts.  Heincke's  statements  with  regard  to  the 
storage  and  using  up  of  the  muscle  fat  were  based  on  no  analytical 
evidence. 

There  are  still  many  points  in  connection  with  variations  in  the 
metabolism  in  herrings  during  spawning  which  require  to  be  worked  out, 
especially  the  cycle  of  phosphorus  between  muscles  and  ovaries. 

&fore  concluding,  I  should  like  to  refer  to  a  subject  which  is  at 
present  attracting  a  good  deal  of  attention,  namely,  the  nutritive  value 
of  spent  herrings. 

Statements  are  made  vaguely  as  to  the  unwholesome  character  of  the 
spent  fish.  Now,  upon  what  foundation  does  this  rest  f  Usually  upon  no 
further  evidence  than  the  general  appearance  of  the  flesh  of  the  fish, 
which  is  undoubtedly  poorer  in  fat  than  in  the  maturing  herring.  But 
the  nutritive  value  of  the  fish  does  not  depend  solely  upon  the  fat  which 
it  contains ;  the  percentage  of  proteid  must  also  be  considered,  and  if  the 
tables  of  analyses  be  consulted,  it  will  be  seen  that  in  this  respect  the 
spent  fish  compare  by  no  means  unfavourably  with  the  maturing  or 
mature  fish. 

But  there  is  one  other  point  which  one  must  bear  in  mind,  namely, 
that  in  many  cases  spent  fish  contain  a  large  percentage  of  fat  in  their 
muscles,  and  to  illustrate  this  I  include  some  tables  of  analyses  of  fish 
caught  in  Loch  Fyne  in  May  and  June  of  this  year.  In  many  cases 
these  were  fish  which  were  undoubtedly  storing  fat  after  the  discharge  of 
ova  had  taken  place.  It  is  true  that  this  storage  of  fat  does  not  take 
place  to  any  marked  extent  until  three  or  four  months  have  elapsed  since 
the  last  spawning  took  place,  but  still  the  herrings  present  the  appearance, 
so  far  as  the  genitals  are  concerned,  of  spent  fish. 

Again,  the  poverty  of  fat  in  the  muscles  of  freshly  spent  herring  may 
render  them  more  digestible  in  the  case  of  some  individuals  at  least. 

One  must  also  remember  that  fully  mature  fish  about  to  spawn  are  in 
much  the  same  condition  as  freshly  spent  fish  {vide  Helmsdale  herrings, 
December  6),  and  yet  these  fish  would  scarcely  be  termed  unwholesome. 

It  would  have  been  of  extreme  value  to  have  had  analyses  made  of 
herrings  which  had  left  Loch  Fyne  in  January  and  gone  to  Kilbrannan 
Sound  and  Campbeltown  district ;  but  unfortunately  I  was  unable  to 
obtain  specimens. 

I  subjoin  the  analyses  to  which  I  have  just  referred. 

Attention  may  be  specially  directed  to  the  analyses  of  the  flesh  of  the 
large  spent  fish  of  June  2,  as  these  show  a  comparatively  high  fat 
percentage. 

May  16,  1906. 

The  herrings  sent  on  this  date  from  ArdriBhaig  were  young  immature 
fish.  The  genitals  of  16  of  these  herrings  weighed  only  2*15  grammes, 
and  the  ova  were  exceedingly  small,  *05-'08mm. 
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The  following  ta¥le  gives  the  measurements  and  weights : — 


Length. 

1 

Girth. 

Weight. 

i           Cm. 

Cm. 

Gm. 

1^ 

8-5 

50 

20 

9 

63 

19 

9 

58 

19 

8-5 

42 

22 

10-5 

75 

19 

9 

51 

20 

95 

63 

19 

8 

45 

21 

9-5 

63 

20 

9 

57 

19 

8-5 

57 

20 

9 

55 

20 

8-5 

46 

19 

8 

45 

19 

8-5 

50 

18 

8 

38 

Avg.  19'5cm. 

8-8cm. 

53gm. 

Analyses  of  the  muscles  of  these  herrings: — 

(a)  Amounts  stated  in  percentages  of  fresh  material. 
Water.  Proteid.  Fat. 

68-14  24-66  337 

{h)  Grammes  in  the  total  muscles  of  the  average  fish  of  this  series. 

Proteid.  Fat. 

8-72  119 

May  17,  1906  (Loch  Fyne). 

These  herrings  were  much  larger  than  those  obtained  on  the  previous 
day.  Female  fish  were  selected,  and  all  were  found  to  be  in  the  spent 
condition,  although  large  numbers  of  small  ova  (*08-*3mm.)  were  present 
in  the  collapsed  ovaries.  The  weight  of  the  ovaries  from  nine  fish  was 
7 '53  grammes. 

Measurements,  &c.,  were  as  follows : — 


Length. 

Girth. 

Weight. 

Cm. 

Cm. 

Gm. 

23 

11-5 

101 

25 

12 

142 

25 

11-5 

117 

25 

11 

116 

25-5 

!             12 

1             127 

23 

11-5 

97 

24-5 

12 

117 

25-5 

11-5 

133 

24-5 

10 

1 

103 

Avg.  24*5cm. 

ir4cm. 

117gm. 

of  the  Fishery  Board  for  Scotland. 

Analyses  of  the  musdes  of  these  herring  : — 

(a)  Amounts  stated  in  percentages  of  fresh  material. 

Water.  Proteid.  Fat. 

74-88  18-76  2-65 

{b)  Grammes  in  total  muscles  of  the  average  fish  of  the  series. 

Proteid.  Fat. 

14-63  2-06 
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May  23,  1906  (Loch  Fyne). 

The  herrings  sent  on  this  date  varied  in  character.  Some  were 
undoubtedly  spent  herring,  although  large  numbers  of  young  ova  were  to 
be  found  in  the  ovaries;  others  were  as  certainly  young  immature 
herring.    Thus  a  subdivision  has  been  made  into  two  classes. 

Series  A. 


Length. 

Girth. 

Weight. 

(Genitals. 

Cm. 
28 
27 
26 
25 

Cm. 

12-5 

12-5 

12 

12 

Gra. 
159 
160 
125 
122 

Spent  and    re-maturing 
ovaries     (ova      08  - 
2mm.)  ;     weight     of 
ovaries  from  four  fish, 
4-15gm. 

Avg.  26*5cm. 

12cm. 

141 -5gm. 

Series  B. 


Length. 

Girth. 

Weight. 

Genitals. 

Cm. 

23-5 

23 

22 

23 

22-5 

22 

20 

21 

Cm. 

11-5 

10-5 

11 

11 

11-5 

11-5 

11 

10 

Gm. 
104 
89 
89 
97 
95 
91 
94 
94 

Very     small     immature 
ovaries     (ova      -06  - 
1mm.) ;     weight     of 
ovaries  of  eight  fish, 
2-15gm. 

Avg.  22cra. 

11cm. 

94gm. 

Analyses  of  the  muscles  of  these  herrings  : — 

In  the  case  of  these  fish  additional  analyses  were  made  in  order  to 
determine  the  amount  of  coagulable  proteid  present.     Throughout  this 
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paper  the  numbers  given  for  "  proteid  ^  refer  simply  to  the  total  nitrogen 
calculated  as  proteid  by  multiplying  the  amount  of  the  former  by  6*25. 

In  the  case  of  these  herrings  a  weighed  quantity  of  fresh  muscle  was 
mixed  up  thoroughly  with  anhydrous  sodium  sulphate,  the  mixture  boiled 
with  alcohol  to  coagulate  the  proteid,  and  then  the  powder  extracted 
frequently  with  boiling  distilled  water  until  all  the  sulphate  was  removed. 
The  remainder,  consisting  of  coagulated  proteid,  was  incinerated  in  the 
usual  way  with  sulphuric  acid  (Kjeldahl)  and  the  nitrogen  estimated. 
On  multiplying  the  latter  by  the  usual  factor  the  amount  of  coagulable 
proteid  was  obtained. 

(a)  Amounts  stated  in  percentages  of  fresh  material. 
Serie9  A. — 

Coagulable 
Water.  Proteid.  Proteid.  Fat. 

70-81  20-67  18-71  5-34 


Series  B, — 

67-58 


19-95 


1613 


9-57 


(b)  Grammes  in  total  muscles  of  fish. 

Coagulable 
Proteid.  Proteid. 

Series  A,     .         .     19-42  1758 

B,     .         .     12-56  1016 


»> 


Fat. 
501 
6-02 


Juki  2,  1906  (Loch  Fyne). 

These  herrings  were  large  spent  fish  with  young  ova  in  the  ovaries. 
Females  were  selected  for  analysis. 


Length. 

Girth. 

Weight 

Grenitals. 

Cm. 

Cm. 

Gm. 

29 

14 

211 

Weight  of  ovaries 

28 

18 

180 

of  these  sixtish , 

27 

18 

170 

10-7gm. 

26 

13 

165 

26 

13 

150 

26 

12 

138 

Avg.  27cm. 

13cm. 

169gm. 

Analyses : — 

(a)  In  percentages  of  fresh  material. 

Water.  Proteid.  Fat. 

72-35  17-81  911 

(6)  Grammes  in  total  muscles  of  fish. 

Proteid.  Fat. 

3009  15-39 

June  2,  1906  (Loch  Fyne). 

Fourteen  young  immature  hernngs  were  obtained  on  the  same  day  as 
the  spent  fish  of  the  preceding  series. 
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Analyses  oj  the  muscles  : — 

(a)  In  percentages  of  fresh  material. 

Water.  Proteid. 

63  02  2106 

(6)  Grammes  in  total  muscles  of  fish. 

Proteid. 
10-74 


Length. 

Girth. 

Weight. 

Genitals. 

1 

'              Cm. 

Cm. 

Om. 

i 

24 

12 

109 

Weight  of  geni- 

i               23 

11 

96 

tals    of    these 

22 

12 

103 

fish,  3'6gm. 

21 

11 

83 

22 

11 

91 

22 

10 

77 

20 

10 

72 

21 

9 

62 

22 

11 

82 

21 

9 

69 

19 

10 

64 

19 

9 

66 

19 

9 

50 

19 

9 

60 

Avg.  21cm. 

10cm 

76giii. 

Fat. 
12-52 


Fat. 
6-38 
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IV.— REPORT  ON  THE  OPERATIONS  AT  THE  MARINE  FISH 
HATCHERY,  BAY  OF  NIGG,  ABERDEEN,  IN  1905.  By 
Dr.  T.  Wemyss  Fulton,  F.R.S.E.,  Scientific  Superintendent. 

(Plates  VI.,  VII.) 


Last  year,  owing  to  the  making  of  a  new  road  at  the  Bay  of  Nigg,  it 
was  desired  by  the  Town  Council  of  Aberdeen,  from  whom  the  site  of  the 
hatchery  is  leased,  that  the  hatchery  and  some  of  the  buildings  in  connec- 
tion with  it  should  be  transferred  to  an  adjacent  site  and  re-erected  at  their 
expense.  This  was  agreed  to  by  the  Board,  and  the  hatchery,  the  boiler 
and  pump-house,  and  the  store-house  were  accordingly  taken  down  and 
re-built  on  ground  lying  to  the  north  of  the  old  site,  and  contiguous  to  it. 
This  alteration  involved  a  re-arrangement  of  the  pipes  to  a  considerable 
extent,  and  the  opportunity  was  taken  to  effect  some  improvements  which 
experience  showed  was  desii'able,  both  in  connection  with  the  pipes  and 
pumping  plant,  and  in  connection  with  the  buildings.  The  Town  Council 
and  the  Burgh  Surveyor,  under  whose  charge  the  removal  was  made,  gave 
every  reasonable  facility  for  these  alterations  and  improvements  being 
effected,  and  the  hatchery  is  thus  much  better  adapted  for  the  work  than 
it  was  before. 

A  strong  wall  of  boulders,  about  two  feet  in  thickness,  has  been  built 
with  concrete  on  the  seaward  face  of  the  new  site,  so  as  to  pA)tect  it  from 
the  action  of  the  sea  in  storms;  and  this  has  been  made  continuous  with 
the  bulwark  of  boulders  built  up  after  the  great  storm  in  February  1900, 
which  happened  in  conjunction  with  spring  tides,  when  the  site  of  the  large 
spawning  pond,  then  in  course  of  construction,  was  flooded.  Owing  to 
the  somewhat  higher  level  of  the  ground  at  part  of  the  new  site,  that  next 
the  road,  it  was  necessary  to  excavate  it  to  a  small  extent  in  order  to  keep 
the  levels  the  same  as  formerly.  This  is  required,  as  the  water  supplied 
to  the  hatching  apparatus  comes  by  gravitation  from  the  storage  or 
reservoir  tank  (a,  fig.  1,  plate  VI.),  to  which  it  is  pumped  from  the  sea. 
Strong  granite  retainin<^  walls  have  been  built  around  the  reservoir,  and 
between  it  and  the  new  site. 

The  establishment  consists,  in  addition  to  the  laboratory  (showr;  at  a 
in  fig.  2,  pi.  VI.),  of  (1)  a  spawning  pond,  (2)  a  reservoir  or  storage  tank, 
(3)  the  hatching-house,  (4)  boiler  and  pump-house,  (5)  a  tank-house, 
(6)  storehouse,  and  it  may  be  desirable  to  give  a  brief  description  of  the 
arrangements  as  they  now  exist. 

The  spawning  pond  (fig.  2,  pi.  VI.),  which  was  the  most  costly  part  of 
the  establishment,  consists  of  a  large  concrete  tank  or  pond  sunk  in  the 
ground  in  order  that  it  may  be  filled  and  emptied,  according  to  the  state 
of  the  tide,  without  pumping  being  required.  The  levels  were  arranged 
so  that  at  high  water  of  ordinary  neap  tides  an  average  depth  of  four  feet 
might  be  obtained  in  the  pond.  The  tank  is  90  feet  in  length  by  35  feet 
in  width,  and  has  an  average  depth  of  7|  feet,  the  bottom  sloping  to  one 
end,  where  the  depth  is  10  feet;  it  is  capable  of  holding  about  160,000 
gallons  of  sea  water.  The  water  is  admitted  from  the  beach  by  an  inflow 
pipe  12  inches  in  diameter;  the  portion  of  this  going  through  the 
embankment  separating  the  pond  from  the  beach  is  of  iron,  the  remainder. 


of  the  Fishery  Boa/rdfor  Scotland.     -  109 

on  the  beach  iteelf,  being  of  fireclay  pipes,  which  have  answered  very  well, 
and  have  only  given  rise  to  trouble  on  one  occasion,  in  the  coarse  of  last 
spring,  when  a  section  had  to  be  renewed.  The  end  of  the  inflow  consists 
of  a  length  of  an  iron  pipe,  terminated  by  an  upturned  part,  raised  about 
two  feet  from  the  bottom,  and  covered  with  a  large  shield  of  wire-netting. 
Ttiis  arrangement  is  to  prevent  the  access  of  sand,  debris,  and  weeds  as  far 
as  possible.  The  outflowing  water  escapes  by  a  flap-valve  at  the  end  of 
the  pipe,  beneath  the  up-turned  portion,  and  on  the  same  level  as  the  rest 
of  the  pipe. 

The  water  on  entering  goes  into  a  small  compartment  of  the  pond  called 
the  filter  chamber.  Here  it  passes  up  through  wire-netting,  which  may 
be  of  any  dimension  of  mesh,  and,  if  necessary,  through  filtering  materi  al 
There  are  two  slide-valves,  one  controlling  the  connection  of  the  filtering 
chamber  with  the  sea  and  the  other  the  connection  between  the  chamber 
and  the  pond.  The  water  may  be  admitted  direct  to  the  pond,  or  it  may 
be  pumped  from  the  filter  chamber  to  the  reservoir  tank. 

The  latter  (a,  fig.  1,  pi.  YI.)  is  built  of  concrete  on  a  natural  moand 
lying  between  the  new  site  and  the  spawning  pond.  It  is  a  strong  tank, 
29  feet  long,  7  feet  high,  and  20  feet  in  breadth,  and  capable  of  holding 
15,570  gallons  of  water.  It  is  from  it  that  the  supply  to  the  hatching 
apparatus  and  to  the  tanks  in  connection  with  the  laboratory  is  obtained 
daring  the  night.  It  can  be  filled  by  the  pumps  in  about  two  hours  and 
a  quarter.  A  pipe,  carried  through  the  concrete  wall  at  the  bottom, 
leads  the  water  to  the  hatchery;  another  carries  a  supply  to  the  tank-house 
for  laboratory  work,  and  another  allows  it  to  pass  into  the  spawning  pond. 
The  pipe  going  to  the  tank-house  is  shown  in  fig.  2,  pi.  YI.,  at  e,  and  the 
pipe  entering  the  pond  is  on  the  left  of  the  letter  e,  and  close  to  it.  The 
water  from  the  reservoir  may  be  filtered  or  unfiltered;  the  iron  pipe 
which  passes  through  the  wall  of  the  tank  is  connected  with  a  flexible 
hose,  the  end  of  which  enters  a  floating  box,  so  arranged  that  the  supply 
is  drawn  from  the  surface,  where  there  is  less  matter  in  suspension,  and 
through  flannel  or  other  material. 

The  hatching-house,  as  now  arranged,  measures  49 1  feet  in  length  by 
24  feet  in  breadth,  part  of  it  being  28  feet  wide.  The  height  of  the 
building  is  18  feet;  it  is  lighted  by  16  windows,  and  is  painted  inside  in 
light  tints,  the  walls'being  pale  green  and\he  ceiling  white  (fig.  1,  pi.  YII.). 

Two  material  improvements  were  made  in  the  re-erection  of  the  build- 
ing. A  concrete  floor,  suitably  sloped,  replaces  the  previous  wooden  floor, 
and  is  a  great  advantage,  since  the  water  which  is  spilled  over  the  floor 
when  the  work  is  going  on  now  flows  away  into  convenient  gutters,  which 
are  connected  with  the  drain  going  to  the  beach.  The  hatchery  is  much 
drier  now,  and  the  appearance  improved.  A  large  sink,  supplied  with 
fresh  or  sea  water,  has  been  erected  in  the  middle  of  the  floor  for  washing 
hatching  boxes,  <&c.  The  other  chief  improvement  consisted  in  taking  in 
the  fdtering  apparatus,  which  were  previously  outside,  and  this  was  effected 
by  extending  the  walls  and  roof,  the  gable  being  put  further  out.  For  the 
"tumbling-boxes/'  which  impart  automatically  a  certain  movement  to  the 
hatching  boxes,  two  brick  chambers  have  been  built  below  the  concrete 
floor,  each  4  feet  4  inches  by  4  feet  8  inches,  and  3|  feet  in  depth.  One 
is  in  connection  with  the  waste  water  from  each  side  of  the  hatchery,  that 
is,  the  water  which  leaves  the  hatching  boxes  and  is  carried  to  the  pond. 

The  filters  consist  of  one  large  box,  8  feet  by  4  feet  and  by  2  feet  deep, 
and  several  smaller  boxes,  which  receive  the  water  from  the  larger  one. 
All  these  are  fitted  with  filters  of  flannel  or  blanketing,  on  frames  covered 
with  wire-netting  and  made  tight  by  rubber  bands ;  all  the  water  which 
cornea  from  the  reservoir  must  pass  up  through  them  by  pressure,  and  it 
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then  passes  on  to  the  hatching  apparatus.  These  are  22  in  numoer,  and 
are  of  the  Dannevig  pattern.  They  are  shown  in  fig.  1,  pi.  VII.,  which  is  a 
view  of  the  inside  of  one  end  of  the  hatchery.  The  apparatus  on  each 
side  are  supplied  by  separate  pipes. 

The  pump-house  is  contiguous  to  the  hatchery  room,  and  opens  into  it. 
It  is  provided  with  three  Worthington  direct-acting  steam  pumps,  specially 
made  for  use  with  sea  water,  and  brass  lined.  They  are  shown  in  fig.  2, 
pi.  YII.  They  are  so  fitted  up  that  any  one  of  them,  or  all  together,  can 
be  used  to  pump  water  from  the  filter-chamber,  either  to  the  reservoir  or 
to  the  pond ;  there  are  two  suction  pipes,  one  for  the  large  pump  and  one 
for  the  two  smaller  pumps.  Steam  is  supplied  by  an  upright  donkey 
boiler,  with  two  tubes,  which  is  fitted  with  an  injector  and  pump,  but  the 
town  water  supply  can  be  used  direct,  the  working  pressure  being  usually 
40lbs.  The  pump-house  measures  18  feet  10  inches  by  15  feet;  its 
position  is  shown  at  b  in  fig.  1,  pi.  VI. 

The  tank-house,  which  is  used  in  connection  with  the  scientific 
researches  at  the  laboratory,  is  built  partly  over  one  end  of  the  large 
spawning  pond  (fig.  2  c,  pi.  VI.),  and  there  is  a  platform  along  this  side 
over  the  pond.  It  is  provided  with  six  concrete  tanks,  four  of  which 
have  plate  glass  in  front  and  back,  and  the  other  two  plate-glass  fronts 
only.  The  latter  are  6  feet  4  inches  long,  4  feet  3  inches  deep,  and  3^  feet 
high ;  the  others  are  5^  feet  in  length,  the  other  dimensions  being  the  same 
as  in  the  larger  tanks.  These  tanks  may  also  be  used  for  experiments  with 
fresh-water  fishes  if  desired,  fresh  water  pipes  being  fitted  up  to  them.  A 
bench  runs  along  one  side  and  one  end  of  the  tank-house,  provided  with 
a  central  leaden  gutter,  and  suitably  sloped,  and  pipes  are  carried  over  it 
to  supply  either  sea  water  or  fresh  water  to  small  tanks  aad  dishes. 

The  various  operations  in  connection  with  the  work  at  the  hatchery 
have  been  described  in  previous  reports.  Here  it  may  be  enough  to  say 
that  the  adult  living  plaice,  from  which  the  spawn  is  procured,  are  kept 
in  the  large  spawning  pond  from  year  to  year,  their  food  consisting  chiefly 
of  mussels.  The  plaice  which  die  are  removed  from  the  pond  as  soon  as 
observed,  and  a  fresh  stock  to  replace  those  lost  in  this  way  is  obtained 
each  autumn  by  sending  the  attendant  out  on  trawlers  working  inshore, 
who  brings  them  in  in  tubs  through  which  a  current  of  water  is 
maintained. 

When  spawning  begins,  the  eggs  float  in  the  water  of  the  spawning 
pond,  from  which  they  are  removed  by  a  large  net  of  mosquito  netting, 
which  is  towed  around  the  pond  for  an  hour  or  so  each  day  as  a  rule. 

The  eggs  are  then  transferred  to  the  hatching  boxes,  which  receive  a 
supply,  as  copious  as  possible,  of  clean  filtered  sea  water,  until  hatching 
occurs ;  and  when  the  larvse  have  nearly,  but  not  quite,  absorbed  the 
yolk  they  are  transferred  to  the  sea  in  suitable  localities. 

The  cost  of  the  hatching  work  is  small.  The  scientific  investigations 
carried  on  at  the  laboratory  require  that  water  should  be  pumped  regularly 
to  supply  the  tanks,  dishes,  and  apparatus  in  the  tank-house,  and  some- 
times in  the  hatching  room,  and  the  only  additional  expense  incurred  in 
connection  with  the  hatching  work  is  for  extra  coal  while  the  work  is 
going  on,  for  the  assistance  of  a  boy  to  help  the  attendant  during  the 
busiest  weeks,  and  for  the  hire  of  boats  to  put  out  the  fry.  The  total 
cost  is  estimated  at  under  .£100. 

The  hatches^  has  been  of  great  advantage  in  connection  with  the 
demonstrations  to  fishermen  from  the  coast  of  Scotland,  who  come  each 
spring  to  the  laboratory  for  this  purpose.  It  forms  a  great  attraction  to 
them,  and  enables  them  to  form  useful  conceptions  as  to  what  goes  on 
naturally  in  the  sea  with  respect  to  the  reproduction  of  fishes,  as  well  as 
furnishing  them  with  specimens  for  the  study  of  their  development.      As 
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mentioned  below,  four  delegations  of  fishermen  attended  these  demons- 
trations in  the  course  of  last  spring. 

During  the  season  last  year  the  eggs  of  the  plaice  were  first  discovered 
floating  in  the  pond  on  20th  January,  which  is  about  the  ordinary  time 
when  they  first  occur.  Examination  of  the  water  some  days  earlier  failed 
to  reveal  their  presence,  and  only  a  few  hundreds  were  obtained  on  the 
20th.  The  number  gradually  increased  up  to  about  the  middle  of  March, 
and  after  that  declined,  the  last  collection,  of  a  few  hundreds  of  eggs,  being 
made  on  the  1 6th  May. 

The  duration  of  the  spawning  in  the  pond  was  therefore  about  117 
days,  which  may  be  taken  as  approximately  the  period  in  the  sea.  The 
total  number  of  eggs  obtained  was  estimated  at  40,110,000.  The  greater 
number  were  collected  in  March ;  the  collections  in  February  and  April 
were  nearly  equal  in  quantity  to  one  another ;  while  iu  January  and  May 
comparatively  few  were  obtained.  The  figures  showing  the  quantity  for 
each  of  the  months,  and  the  percentages  in  each  month  for  the  last  three 
years,  are  as  follows : — 


January, 

Number 
Collected. 

Percentages. 

1908 

1904 

1905 

Mean. 

1,080,000 

0-3 

1-6 

2-6 

1-5 

February, 

9,242,000 

18-0 

26-1 

230 

22-3 

March, 

19,476,000 

66-2 

55-7 

48-5 

53-6 

April,    - 

9,431,000 

24  1 

16-4 

23*5 

21-3 

May, 

882,000 

1-3 

•  • 

2-2 

1-2 

In  two  Tables  which  are  inchided  in  this  paper,  the  particulars  are 
given  from  day  to  day  of  the  number  of  eggs  collected  and  the  tempera- 
tare  and  specific  gravity  of  the  water  in  the  pond,  in  the  hatchery,  and 
on  the  beach,  and  of  the  quantities  of  fry  which  were  placed  in  the  sea. 

It  will  be  seen  that  the  temperature  of  the  water  in  the  pond  when  the 
eggs  were  first  obtained  was  about  3-5**C.  (33'8°F.);  that  it  remained  low 
to  about  the  end  of  March,  and  that  towards  the  end  of  the  spawning  it 
had  risen  to  10° C.  (50°F.)  and  over  it,  the  highest  reading  being  on  15th 
and  19th  May,  when  the  temperature  was  10-6°C.  (5M°F.). 

Daring  the  season  trouble  was  occasionally  caused  by  the  filters,  and 
the  death-rate  was  larger  than  usual.  The  number  of  dead  eggs  (including, 
however,  the  shells  of  the  eggs  which  had  hatched),  amounted  to  about 
15,790,000,  which  gives  a  rate  of  39  per  cent.  The  estimated  number  of 
fry  put  out  into  the  sea,  as  given  in  Table  II  (p.  115)  may  be  stated  at 
24,500,000,  when  allowance  is  made  for  the  shells  of  the  eggs  and  the 
debris  contained  in  the  boxes. 

Most  of  the  fry  were  put  out  ofif  Aberdeen  in  March,  April,  and  May, 
the  first  lot  on  the  8th  of  March,  and  the  last  ou'tbe  23rd  May.  One 
lot,  by  the  request  of  the  fishermen  of  the  district,  was  taken  to  St. 
Combe,  further  up  the  coast,  on  the  24th  of  April.  ^  The  fry  in  this  lot 
were  estimated  to  number  about  3,517,000,  which  were  dispatched  by 
rail  under  the  charge  of  the  attendant,  the  water  in  which  they  were 
placed  having  been  previously  cooled  to  a  temperature  of  1*5*0.  (34'7^F.) 
to  obviate  risks  in  carriage.  The  number  of  adult  plaice  found  in  the 
pond,  when  it  was  cleaned  out  after  the  hatching  season  was  over,  was  282, 
and  a  fair  number  of  dead  fish  and  the  remains  of  some  others  were 
removed. 


tl2  Part  UL—Twenly-fourth  Annual  Report 

Tablb  I. — Showing  the  Daily  Progresa  at  the  HatchBi7,  and  the 
Temperature  itnd  Specific  Gravity  of  the  Water. 
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4-8 
fi-0 
6-2 
6'3 

6-3 

4'8 

27-2 
27 '2 
27 '8 
27-5 
27-4 

'27-4 
27-7 

::: 

S'9 

fi-S 
67 
67 
8-4 

S'3 
4-8 

27-2 
27-2 
27-0 
27 '4 
27-6 
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10 
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11 
15 

4-3 
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4'2 
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3-8 
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27-9 
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8'a 
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: 
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1 

2-8 

28-0 

52 

27-2 
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57 

27-5 

18 

3-B 
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18 
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-1 
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1^1 
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22 
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6-2 
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4-4 
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25 
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41 
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4  9 
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26 
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47 

27'6 

27 
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27-7 

*'2 

27'1 

28 
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4-7 
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26 

SO 
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■4'9 

2?-B 

'5-8 

26-9 

31 

100,000 

4-2 

27-7 

"; 

27-S 

FohrHary 

200,000 

3-9 

277 

4-4 

27-8 

4-0 

27-8 

120,000 

33 

27'8 

37 

27-6 

3-B 

27-8 

320.000 

3-0 

279 

27 

277 

4-4 

277 

180,000 

h-i 

27 '8 

... 

47 

27-6 

6-6 

'':' 

200,000 

4-8 

27-8 

8-0 

27-8 

820,000 

4-2 

27-8 

4-8 

277 

B'O 

27-6 

180,000 

4-0 

27-8 

4-4 

277 

4-2 

27-G 

4-9 

27-5 

6-4 

27-6 

6-3 

274 

280!000 

4-4 

27-5 

50 

27-6 

5'2 

■i7-r, 

200,000 

M 

27-8 

2-8 

277 

■I'O 

277 

2oo;6oo 

... 

::: 

... 

680,000 

3-4 

27-8 

b'7 

27'2 

480,000 

S'B 
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G-8 
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^■6 
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4-4 

27-9 

6-1 

27  3 

B80,000 

1,09^000 

4-2 
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5-1 

•J7-0 

4*-9 

27-8 

338,000 

*-8 
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H-2 

27-5 

5'8 

27-8 

M 
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■3-3 

S7-8 
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21 
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2r'8 

3-2 
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27'1    I 

a2 
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23 
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24 
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TABLE  l.-continufd. 


Date. 


February  25 
26 
27 
28 


Man'h 


>♦ 

♦  • 
»» 


•  > 


»» 

»» 
♦  > 
I) 

1> 
>) 
*» 
11 
11 

I 
» 
»» 
If 
)) 
11 


April 


11 

11 
»» 

11 


'» 


» « 


1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 

25 

26 
27 
28 
29 
30 
31 

1 
2 
3 
4 
5 

6 
/ 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 


Egg'' 
Col- 
lected. 


560,000 

646^000 
860,000 

603,000 
495,000 
474,000 
689,000 


947,000 
1,034,000 
560,000 
560,000 
517,000 


Eggs 
Dead. 


1,163,000 


1,077,000 


1,679,000 
603,000 
689,000 

711,000  1,391,000 
1,301,000 
560,000 


1,077,000 

646,000 
646,000 
904,000 
646,000 
775,000 


775,000 
517,000 
474,000 
947,000 
646,000 

732,000 

947,600 
689,000 
517,000 

646,000 
560,000 
474,000 

603^000 

517,000 
301,000 

517,000 
845,000 


617,000 
474,000 
•215,000 
258,000 
215,000 
215,000 


1,390,000 


1,785,000 


2,088,000 


In  Pond. 


Temp.     Sp.  Gr. 


2,303,000 


3-7 

3*-6 
3-6 

4-1 
41 
3-8 
4-3 


4-6 
50 
5-1 


5-6 


5-4 

5-6 
6-0 
6  2 
5-9 


6-6 
6-2 

•  •  • 

6-5 

7-1 
6-8 

5-8 
5  2 

4-9 

5-5 
5-8 
6-0 
6-3 


6-2 
6  0 
6-4 
OT. 
6-2 
6-5 


27-6 

27 '-5 
27-7 

27-3 
27-2 
27-2 
27-0 


4-3  !  27-3 

4-2  27-4 

3-3  ;  27-3 

3-8  ,  27-5 


27-2 
27-2 
27-1 


27-2 


27-2 

27-2 
27-3 
27-4 
27-3 


27-2 

27-2 

27-2 
27-5 
27-3 

27-3 
27-4 

27 -6 

27-3 
27*4 
27-1 
271 


26-9 
27  0 
26-5 
26-6 
26-7 
26-4 


In  Hatchery. 


Temp. 


4-5 

4-6 

4-8 

50 
4-8 
3-8 
4-7 


4-6 
4-8 
4-4 
4-2 


4-9 
5  6 
5-6 


5-8 


5-7 

5-7 
6-2 
6-2 
5-8 


6-6 

5-9 

6-7 
7-4 
6-4 

5-6 
5-4 

5-6 

5-7 
6-4 
6-4 
6-5 


6-2 
5-9 
6-6 
0-7 

5-8 
6-1 


Sp.  Gr. 


27-3 

27-3 
27-4 

27-0 
26-8 
27-2 
27- 


27-4 
27-3 
27-4 
27-4 


27-2 
27-2 
27-6 


27-6 


27-1 

27-2 
27-4 
27-4 
27-5 


27-4 

27-6 

27-6 
27-4 
27-4 

27-5 
27-4 

27*-4 

26-9 
26-9 
26-5 
26-9 


26-8 
271 
261 
26-1 
26-5 
26-6 


On  Beach. 


Temp.  !  Sp.  Gr. 


5-2 
5-1 
4-6 
5-0 


51 
5-2 
4-8 


5-6 


5-6 

5-6 
5-8 
5-9 
5-9 


6-7 
8  0 


5-4 
4-6 


6-4 

6-2 
6-4 


6-2 
61 
6-4 
6-8 
6-2 
6-6 


24-3 
27-1 
27-5 
27-7 


27-6 
27-6 
27-2 


27-1 


27-3 

27-6 
27-6 
27  4 
26-5 


27-4 
27-3 


27-5 
26-7 


27-4 

27-5 
27-3 


26-6 
27  0 
26-1 
26-4 
26-4 
26-6 


H 
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TABLE  \. -continued. 


■ 

T^ 

In  Pond. 

In  Hatchery. 

On  Beach. 

Date. 

1 

Eges 

CJol- 

lected. 

Eggs 
Dead. 

Temp. 

Sp.  Gr. 

Temp. 

Sp.  Gr. 

I 
Temp. 

Sp.  Gr. 

April 

23 

•  •  • 

•  •  • 

) ) 

24 

6-4 

26-8 

6-8 

26-8 

1 

•  •  • 

}i 

26 

6-6 

26-7 

6-8 

26-6 

6-5 

27  4 

>) 

26 

... 

... 

6-7 

26-6 

6-6 

26-9 

8-9 

271 

ii 

27 

269,000 

7-1 

26-6 

7-7 

26  8 

•  •  • 

•  •  • 

11 

28 

172,000 

•  •  • 

7-6 

26-8 

7-6 

26-9 

7-2 

24-7 

)> 

29 

268,000 

•  •  ■ 

7-7 

26-9 

7-4 

26-7 

6-9 

26-6 

»> 

30 

•  •  • 

2,196,000 

... 

•  •  • 

■  •  ■ 

•  •  • 

•  •  • 

•  •  • 

May 

1 

108,000 

8-2 

26-2 

7  6 

25-3 

7-6 

26-8 

)) 

2 

•  •  • 

8  0 

26-3 

7-4 

26-8 

7-4 

26-6 

»« 

3 

268,000 

8-2 

26-3 

7-8 

27-8 

8-2 

26-8 

1) 

4 

8-4 

26-6 

8-2 

26-8 

7-0 

26-9 

M 

5 

260,600 

8-4 

26-7 

9-2 

26-9 

8-0 

27-2 

l» 

6 

86,000 

8-8 

26-8 

9-4 

27-0 

8-4 

27-0 

1? 

8 

86.600 

•  •  a 

9-6 

•  •  • 

26-4 

*9-6 

26-1 

%  •  m 

8-2 

27-0 

i> 

9 

•  •  • 

9-6 

26-8 

9-2 

27-2 

•  •  • 

•  •  • 

»» 

10 

•  •  • 

9-8 

26-7 

9-8 

27  1 

8-4 

27-3 

»} 

11 

86,000 

1.801,000 

10-4 

26-6 

10-2 

26-8 

9-0 

27-8 

>» 

12 

4  #k 

•  •  • 

•  •  • 

10-2 

26-7 

9-6 

26-4 

9-2 

27-1 

f? 

13 

•  •  • 

•  •  • 

•  •  • 

... 

•  •  ■ 

•  ■  • 

•  •  • 

•  •  • 

>> 

14 

• » • 

•  ■  • 

•  •  • 

•  • 

•  •  • 

•  •• 

« •  • 

•  •  • 

»» 

16 

•  •  • 

•  •  • 

10-6 

26-9 

9-8 

27  0 

9-3 

27-1 

•  t 

16 1 

A  few 
hundred 

1 

9-8 

27-2 

10-6 

26-6 

9-8 

271 

1 1 

17 

•  •  • 

9-8 

27-2 

10-0 

26-6 

9-6 

27-4 

•  ) 

18 

10-4 

26-4 

100 

26-8 

9-6 

26-3 

)« 

19 

10-6 

26-5 

11-0 

26-6 

9-2 

26-9 

1 1 

20 

■  •  • 

40,110,000 

... 

10-3 

26-8 

10-2 

26-9 

9-2 

26-3 

ToUIs, 

16,791,000 

During  the  spring  just  passed,  delegations  of  fishermen  from  Elginshire, 
Caithness,  Argyle,  and  Bute  and  Arran  attended  the  demonstrations  at 
the  hatchery,  and  expressed  themselves  as  pleased  and  instructed  by  what 
they  learnt.  1  am  indebted  to  Dr.  Williamson  for  taking  the  photographs 
which  are  reproduced  in  the  accompanying  plates. 
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TABLE  JI. — Showing  Particulars  in  connection  with  the  Distribution  of  the  Fry. 


Date. 

Locality. 

• 

a, 
& 

o 
1 

a 

Surface  Water. 

Weather. 

Estimated 

number 

of  fry 

put  out. 

Specific 
Gravity. 

Temper- 
ature. 

8th  Mar. 
20th    „ 

About  f-mile  off  Bay 
of  Nigg,      -       - 

Two  miles  East  of 
mouth  of  Don   - 

14 
17 

F. 

41-4 
41-7 

26-2 
27-4 

F. 

40-6 
42-8 

•  •  • 

Overcast, 

1,055,000 
2,930,000 

29th    „ 

Off  Girdleness,    •    - 

7 

42-4 

27-6 

461 

Sunshine, 

3,518,000 

5th  April 

OffGirdleness,    - 

74 

421 

27-2 

40-8 

N.-W.wind, 

2,931,000 

24th    „ 

Off  St.  Combs,     -    - 

■  •  ■ 

•  ■  • 

■  •  • 

•  •  • 

snow, 

•  •  • 

3,617,000 

4th  May 

Off  mouth  of  Don,  - 

12 

45-3 

26-9 

48-9 

•  •  • 

2,344,000 

10th   „ 

Off  mouth  of  Don,  • 

10 

44-8 

27-4 

51-8 

•  •  • 

4,689,000 

23rd    „ 

Off  Girdleness,    -    - 

13 

47-1 

270 

60-9 

•  •  • 

8,616,000 

24,500,000 

DESCRIPTION  OF  PLATES. 


PLATE   VI. 

Fig.  1.  View  of  the  outside  of  the  Hatchery  from  the  landward  side,  (a)  Storage 
tank  or  reservoir  ;  (&)  comer  of  pump-house  ;  (c)  store-house. 

Fig.  2.  View  of  the  large  spawning  pond  and  laboratory,  (a)  Laboratory ; 
(b)  valve ;  (c)  tank-house ;  (d)  marks  the  place  where  the  inflow  pipe 
enters ;  (e)  pipe  supplying  the  tank-house. 

PLATE  VII. 

Fig.     1.     View  of  the  inside  of  the  hatching  room,  showing  the  hatching  apparatus 

on  each  side. 
Fig.     2.     View  of  the  sea- water  pumps  and  their  connections. 
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V.-ON  THE  SPECIFIC  CHARACTEKS   OF   GAUUS  LUSGUS, 
GADUS  MINUTUS,  and  GAD  US  ESMARKIL 

By  H.  Charlbs  Williamson,  M.A.,  D.  Sc,  Marine  Laboratory, 

Aberdeen. 

(Plates  VIIT.-X.) 
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Introduction. 

The  present  research  is  a  continuation  of  the  paper  contributed  to  the 
Twentieth  Annual  Report  of  the  Fishery  Board  for  Scotland,  Part  III., 
entitled,  "  A  comparison  between  the  cod  {Gadus  callariaa),  the  saithe 
(Gadus  virens),  and  the  lythe  {Gadua  pdlachius)  in  respect  to  certain 
external  and  osteological  characters.''  In  that  paper  a  beginning  was 
made  with  the  review  of  the  species  of  the  genus  Gadus.  In  several 
instances  the  accepted  specific  descriptions  are  unsatisfactory ;  so  much  so 
is  this  the  case  that  difficulty  is  experienced  in  separating  certain  species. 
A  certain  amount  of  confusion  has  existed  in  the  diagnosis  of  G.  luscua 
and  G,  mintUus ;  and  the  third  species,  G.  esmarkii,  which  has,  through 
Dr.  Fulton's  trawling  experiments,  been  shown  to  be  common  in  Scottish 
waters,  might  in  its  smaller  stages  be  mistaken  for  a  young  minutus.  The 
three  species  under  review  are  the  three  smallest  species  of  the  genus; 
in  the  former  paper  the  three  largest  members  were  dealt  with.  A 
systematic  study  of  the  three  forms  has  become  necessary  in  order  to 
definitely  fix  the  specific  characters.  It  is  very  seldom  that  a  single 
member  of  a  species  will  exhibit  all  the  distinguishing  characters  well. 
It  has  thus  been  necessary  to  examine  a  considerable  number  of  specimens 
of  each  species.  The  main  purpose  is  to  arrive  at  an  accurate  and  suitable 
specific  description,  and  with  this  end  in  view,  both  the  characters  in 
which  they  agree,  as  well  as  those  wherein  they  differ,  must  be  studied. 
A  minute  comparison  is  therefore  instituted  between  the  three  forms,  and 
by  the  method  which  was  adopted  in  the  previous  research.  The  method 
has  been  to  make  a  number  of  measurements  on  the  body  of  the  fish,  in 
order  to  determine  the  comparative  magnitude  of  corresponding  distances 
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on  specimens  of  each  species,  and  also  to  determine  to  what  extent  the 
dimensions  vary  in  the  same  species.  The  number  of  fin-rays  in  the 
unpaired  fins  and  the  number  of  vertebrae  formed  the  basis  of  comparison. 
In  the  selection  of  the  measurements  a  wide  choice  exists.  It  is 
important  to  have  measurements  and  characters  in  which  the  dififerent 
forms  agree  accurately  defined.  Such  characters  should  not  be  included 
in  the  specific  description ;  they  belong  to  the  sub-genus.  The  intro- 
duction into  a  specific  description  of  the  relation  between  the  sizes  of 
two  characters,  both  of  which  do  not  lend  themselves  to  accurate  defini- 
tion, should  be  avoided. 

There  are  certain  characters  selected,  to  which  one  is  guided  by  the 
general  appearance  of  the  fish.  A  glance  at  the  forms  when  compared 
side  by  side  will  often  indicate  possible  specific  difiPerences.  These  points 
of  difference  sometimes  vanish  when  a  number  of  fishes  have  been 
examined  ;  they  may  be  found  to  be  peculiar,  individual,  and  not  specific. 
Many  and  varied  characters  may  be  from  time  to  time  adopted,  to  be 
dropped  again  on  account  of  the  difficulty  of  suitably  measuring  the 
quantities. 

Most  of  the  measurements  which  were  mcule  will  be  discussed  in 
detail.  The  values  of  such  characters  for  specific  distinction  is  in  that 
way  determined. 

AH  the  measurements  have  been  expressed  in  terms  of  the  length  of 
the  fish. 

Thb  Fishes  Examined. 

All  the  fishes  which  have  been  studied  for  the  purpose  of  this 
research  were  obtained  in  the  North  Sea,  with  the  exception  of  4  speci- 
mens of  Gadits  miniitus  which  were  kindly  sent  ^om  Plymouth*  by  Dr. 
H.  M.  Kyle.  The  specimens  of  Ivscua  and  minutua  were  got  chiefly  in 
the  neighbourhood  of  Aberdeen.  The  (r.  esmarkii  were  obtained  during 
Dr.  Fulton's  trawling  investigations  in  the  North  Sea.  Some  were 
obtained  off  Aberdeen  and  in  the  Moray  Firth,  others  were  captured  in 
the  vicinity  of  the  Shetland  Islands.  The  esmarkii  were  got  in  the 
small-meshed  cod-end  with  which  the  ordinary  trawl  was  covered.  The 
luscus  and  minidus  were  taken  in  the  ordinary  trawl. 

Luscus  and  minvius  are  often  confused,  and  are  known  collectively 
under  the  names  "  Brassies,"  "  Miller's  Thooms,"  "  Skelchies,''  "  Davies,'* 
etc.  They  were  obtained  on  or  near  hard  ground  within  a  radius  of  25 
miles  from  Aberdeen.  Luscus  was  obtained  on  one  occasion  in  quantity 
at  a  point  6  miles  E.S.E.  of  Cruden  Scaurs,  Aberdeenshire.  Out  of  38 
brassies,  36  were  luscus  and  2  minutus.  Usually  only  an  odd  example 
of  luscus  was  obtained  among  frequent  little  lots  of  minutus,  Luscus  and 
minutus  are  frequently  got  on  the  haddock  lines,  but  only  in  small 
numbers.  On  11th  June,  1906,  one  luscus^  and  four  minutus  were 
caught  on  a  hculdock  line  near  Aberdeen. 

In  the  following  Table  are  set  out  the  various  points  at  which  luscus 
and  minutus  appeared  among  the  fishes  taken  in  the  trawl  of  the  s.s. 
''Fifeness,"  Aberdeen,  during  the  spring  of  1905. 

•These  were  4  females  measuring  11,  11 '3,  11*4  and  16 '6cm.  respectively. 
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Locality. 

Date. 

Litscus, 

MintUuM. 

Vicinity  of  Aberdeen      

December  16, 

1904, 

1 

2 

14  Miles  E.  by  N.  of  Aberdeen... 

,, 

21, 

,, 

1 

4 

14  Miles  E.  by  S. 

January 

11, 

1905, 

3 

4 

16  Miles  S.E. 

, , 

12. 

•  • « 

2 

^  Miles  S.E. 

,« 

14, 

1 

17 

10  Miles  off  Aberdeen     

, , 

19, 

2 

1 

4i-l0  Miles  S.E.  of  Aberdeen  ... 

,, 

21, 

3 

6 

6  Miles  E.S.E.  of  Cruden  Scaurs, 

Aberdeenshire            

f , 

23, 

36 

2 

20  Miles  S.E.  of  Aberdeen 

t , 

27, 

1 

35 

21  Miles  E.  by  S.  of  Aberdeen... 

February 

3, 

1 

14 

6  Miles  E.  of  Aberdeen 

,, 

11. 

6 

3 

20-25  Miles  S.E.  of  Aberdeen  ... 

,, 

16, 

•  •  • 

67 

21   Miles    E.S.E.   of    Aberdeen, 

41-50  fms 

March 

9, 

2 

18 

Vicinity  of  Aberdeen      

f> 

14. 

... 

27 

»»                 »• 

»» 

31, 

•  •  ■ 

25 

,,                 «, 

May 

13, 

■  ■  • 

29 

»>                 »» 

)) 

27, 

1 

21 

A  proportion  of  the  above  specimens  of  luscus  and  minutus  species  was 
examined  fresh ;  the  majority  were,  however,  examined  some  time  after 
being  preserved  in  formaline  solution — a  2  j  per  cent,  solution  of  formaline 
in  fresh  water. 

All  the  specimens  of  esmarkit,  with  three  exceptions,  hcul  been  pre- 
served from  two  to  five  years,  in  formaline  solution  mainly;  some  were 
preserved  in  alcohol. 

The  following  are  localities  whence  came  some  of  the  specimens  of 
esmarkii  which  were  examined  : — 


Locality. 

Date. 

Number  of 

Specimens 

of  Emnarkii, 

Moray  Firth — off  Dunbeath 

„        ,,      Deep  Hole,  off  Kin- 

naird  Head        

Moray  Firth 

Off  Aberdeen,  65  fms 

21  Miles  E.  8.  E.  of  Aberdeen 
Between  Orkney  and  Shetland  Is. 

October  10,  1900 

July          4,  1901 
February  7,  1905 
June        28,  1901 
March       9,  1905 
October,        1900 

9 

10 

1 

7 

2 

17 

i 

The  sizes  and  sex  of  all  the  fishes  examined  are  shown  in  the  following 
Table : — 
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W                        .1            1 

6?. 

I 
JCsmarkit. 

G. 

Mimitus.        1 

G 

.  Lutcus. 

Total  at  Each  Size. 

Length.  < 

1 

1            I 

•e 

Cm.     1 

1            1 

Sex. 

Sex. 

t 

SI 

1 

1 

1 

6 

2    1    ?    . 

1 

6 

? 

• 
1 

6    1 

1 

$ 

• 

4 

s 

S 

8    i 

1 
1 

1 

1 

9      , 

2           1 

■  ■  • 

1 

3 

10 

\ 

3 

■  ■  • 

a    •   • 

4 

' 

11 

6    ,      5 

3 

16 

3     ,     ... 

12      1 

3 

8           2 

• 

13 

1 

13      ' 

2 

3 

\ 

5 

1 

14      ' 

4 

13          2 

2 

19 

2     '     ... 

15      , 

4 

20 

i 

1     ,     ... 

24 

2 

16 

•  •  ■ 

12    ,      1 

3 

3 

1 

13 

6          1 

17      , 

1 

8    ,     ... 

t) 

7    I     ...    . 

9 

13    1     ... 

18      ' 

5    !      1 

;> 

6    i     ... 

6 

11     '     ... 

19     ; 

3           1 

7 

11     1      2 

... 

4 

20 

20     ' 

1 

8 

21 

29 

21      1 

i 

8 

60 

9 

mm 

1 

1 

70 

1 

22 

6 

69 

a    a    ■ 

75 

23 

43 

1 

44 

24 

... 

27 

1 

2 

i 

28 

3 

25 

16    1      1 

2 

1 

17 

3 

26 

9    1     ... 

5 

2 

9 

27 

... 

3 

7 

5 

1 

3 

13 

28 

•  >  • 

1 

6 

1 

•  ■  • 
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333 

58 

1 

1 
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The  Body  Dimensions. 


The  comparison  between  the  three  species  is  instituted  then  by  means 
of  the  following  body  dimensions : — 

The  Gibth  is  measured  by  means  of  a  thread  passed  round  the  fish  at 
three  points  : — (1)  Pectoral  Girth — in  the  axilla  close  to  the  base  of  the 
pectoral  fin.  (2)  Girth  at  anus — at  the  level  of  the  anus.  (3)  Girth  at 
the  root  of  the  tail — at  the  thinnest  part  of  the  caudal  peduncle,  i.e.,  the 
part  of  the  tail  extending  between  the  end  of  the  third  dorsal  fin  and  the 
beginning  of  the  caudal  fin. 

Dorso-Vbntral  Height  op  Body. — This  dimension  was  measured  by 
callipers.  For  the  pectoral  height  the  point  of  the  callipers  was  put 
between  the  bases  of  the  ventral  fins,  while  the  other  point  was  made  to 
touch  a  point  in  the  dorsal  line,  immediately  above.  The  callipers  were 
made  to  touch  the  parts  lightly.  The  other  two  points  were  at  the  level 
of  the  anus  and  on  the  root  of  the  tail,  at  the  narrowest  part. 

Diameter  of  the  Eye. — The  diameter  of  the  eye  was  the  horizontal 
diameter  of  the  orbit. 

Intbrorbital  Space. — The  interorbital  space  is  the  distance  on  the 
dorsal  surface  of  the  head  between  the  orbits. 

Greatest  Length  op  the  Ventral,  Pectoral,  and  Fihst  Dorsal 
Fins.  —The  fin  was  measured  from  the  base  of  the  first  ray,  i.e.,  in  the 
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case  of  the  ventral  and  pectoral  fins  the  most  dorsal  ray — iu  the  case  of 
the  first  dorsal  fin,  the  most  anterior  ray — to  the  tip  of  the  longest  ray. 

Height  op  the  Lateral  Line  above  the  Lateral  Axis. — The  lateral 
axis  is  here  taken  as  coinciding  with  the  straight  posterior  part  of  the 
lateral  line.  This  line  was  continued  by  a  thread  on  the  measuring  board 
along  the  fish,  and  the  interval  between  it  and  the  lateral  line  was 
measured  at  two  points — viz.,  at  the  level  of  the  anus  and  at  the  level  of 
the  base  of  the  pectoral  fin.  In  Ittscus,  in  place  of  the  measurement  at 
the  pectoral  fin,  which  is  very  close  to  the  anus,  a  new  point  at  the 
middle  of  the  first  dorsal  fin  was  chosen. 

Length  of  the  Kaui  of  Tail-Fin. — That  is,  the  distance  from  the 
base  of  the  first  fin-rays  of  the  caudal  fin  on  the  dorsal  or  ventral  line  of 
the  body  to  the  tip  of  the  ramus  of  the  tail. 

The  Spread  of  the  Tail. — The  greatest  breadth  of  the  tail-fin.  For 
the  purpose  of  this  measurement  it  is  not  spread  out  to  its  fullest  extent, 
but  is  allowed  to  fall  on  the  table. 

Length  of  the  CUudal  Peduncle  :  dorsal — The  part  of  the  dorsal 
edge  between  the  end  of  the  third  dorsal  fin  and  the  beginning  of  the 
caudal  fin. 

Greatest  Height  of  the  Unpaired  Fins. — The  fin  is  stretched  out, 
and  its  greatest  breadth  is  measured,  i.e.,  between  the  base  and  the  highest 
point  vertically  above  the  base.  This  is  a  character  which  it  is  often  im- 
possible to  get,  owing  to  the  fact  that  in  trawled  fish  the  fins  are  usually 
frayed  or  broken. 

The  above  measurements  of  the  eye,  interorbital  space,  of  the  fins,  and 
of  the  height  of  the  lateral  line  were  made  by  means  of  dividers. 

The  Distance  of  Different  Points  from  the  Anterior  Tip  of  the 
Fish. — The  anterior  tip  of  the  fish  is  in  litsctia  and  minutus  the  tip  of  the 
upper  jaw,  in  esinarkii  the  tip  of  the  lower  jaw.  The  distance  of  each 
point  was  measured  as  projected  on  the  lateral  axis.  The  lateral  axis  is 
the  line  joining  the  anterior  tip  to  the  middle  rays  of  the  tail-fin. 

These  points  are  : — 

Anterior  edge  of  the  orbit  (for  the  length  of  the  snout). 
The  base  of  the  first  fin-ray  of  the  ventral  fin. 
The  base  of  the  first  fin-ray  of  the  pectoral  fin. 
The  opercular  cleft 

The  hindmost  part  of  the  edge  of  the  operculum. 
The  anus. 

Beginning  and  end  of  each  of  the  unpaired  fins. 
Beginning  of  the  caudal  fin,  dorsal  and  ventral. 
Tip  of  the  ramus  of  tail,  dorsal  and  ventral. 

Point  where  the  lateral  line  begins  to  rise  up  off  the  horizontal — the 
anterior  end  of  the  straight  part  of  the  lateral  line. 

The  beginnings  of  the  fins  were  marked  by  means  of  pins  inserted  at 
the  base  of  the  first  ray.  A  pin  inserted  in  the  anus  was  taken  as  the 
position  of  the  anus.  A  pin  lying  in  the  opercular  cleft  indicated  that 
point. 

For  the  purpose  of  these  measurements  a  measuring  board,  similar  to 
that  which  was  used  during  the  research  on  the  **  Mackerel  of  the  East 
and  West  Coasts  of  Scotland"  {Eighteenth  Annual  Report  of  the 
Fishery  Board  for  Scotland,  Pait  III.,  p.  295),  was  employed.  The 
measurements  made  on  the  soft  body  of  the  fish  are  not  such  as  permit  of 
exact  determination,  and  probably  the  errors  due  to  the  want  of  rigidity  is 
greater   in  small   fish  than    in   large   specimens.       There  is,  however, 
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greater  accuracy  to  be  obtained  on  the  whole  by  making  the  measure- 
ments on  such  a  board  as  described  in  the  18th  Report,  than  by  merely 
stepping  off  the  distances  on  the  fish  with  a  pair  of  dividers.  If  the  fish 
are  in  good  condition,  in  both  methods  greater  accuracy  will  be  obtain- 
able than  in  specially  soft  specimens. 

The  measurements  were  made  in  centimetres. 

The  Measurements  Represented  as  Percentages  of  one  Common 
Standard. — All  the  body  dimensions  were  converted  into  percentages  of 
one  standard,  viz.,  the  length  of  the  fish. 

The  Length  of  the  Fish  is  the  distance  from  the  anterior  tip 
(premaxilla  or  mandible,  as  the  case  may  be)  to  the  end  of  the  middle 
rays  of  the  tail  fin. 

The  fishes  of  each  species  have  been  arranged  in  centimetre  groups. 
'J'he  average  of  the  percentages  of  the  length  of  the  fish  which  each  body 
dimension  was  found  to  represent  was  calculated  for  the  fishes  of  each 
size.  They  have  been  arranged  in  Tables  VII,  VIII,  IX,  X,  XI,  XII. 
Alongside  each  average  is  added  in  brackets  the  number  of  fishes  on 
which  the  average  is  based. 

The  average  percentage  for  each  character  has  then  been  calculated  in 
all  the  fishes  of  each  species  in  which  the  character  was  noted.  The 
number  of  characters  examined  in  each  specimen  varied  very  much; 
while  in  some  all  the  characters  were  noted,  in  others  one  or  two 
characters  were  measured. 


Enumeration-  Characters. 

The  Number  op  Rays  in  the  Unpaired  Fins. — ^The  enumeration 
of  the  fin-rays  is  rendered  diflScult  from  the  fact  th.it  we  are  dealing  with 
small  fishes.  The  last  rays  in  the  fins  with  the  exception  of  the  first 
dorsal  are  minute.  The  first  rays  of  the  first  anal  fin  are  sometimes 
liable  to  be  missed  on  account  of  their  very  small  size. 

In  a  few  cases  the  number  of  rays  in  the  paired  fins  and  the  caudal  fin 
was  counted. 

The  Number  of  Vertebrae.— The  number  of  vertebrae  was  counted 
after  the  fish  had  been  boiled.  The  posterior  vertebras  are  very  small ; 
the  backbone  tapers  down  to  a  fine  extremity.  The  vertebrae  are  not  so 
easily  counted  in  preserved  fishes  as  in  fresh  specimens.  A  fish  that  has 
been  preserved  in  formaline  solution,  when  boiled,  usually  becomes 
distorted.  This  is  due  to  unequal  shrinkage ;  the  skin  is  much  affected 
in  this  respect,  becoming  very  tough.  The  vertebra  bearing  the  ural 
elements  is  counted  as  the  last  vertebra. 

The  Number  of  the  Vertebra  Bearing  the  First  H^mal 
Arch. — This  character  was  noted  in  a  number  of  instances. 


Discussion  of  the  Body  Dimensions. 

The  averages  taken  along  with  the  range  of  variation  of  the  character 
gives  a  more  or  less  partial  view  of  the  species.  By  a  comparison 
between  the  species  we  shall  be  able  to  see  in  how  far  any  of  these 
dimensions  is  of  specific  yalue.  If  we  find  that  the  ranges  of  variation 
in  two  species  overlap  for  any  one  character,  that  character  cannot  be 
regarded  as  of  primary  rank  in  a  specific  description.  In  a  dimension  of 
which  the  ranges  of  variation  do  not  overlap  in  two  species  we  have  a 
character  of  primary  rank.  The  characters  as  set  out  in  Table  XT  IT.  will 
now  be  examined  in  detail. 
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In  respect  to  the  Cfirth^  a  character  in  which  there  is  a  wide  difference 
existing  among  the  three  species,  so  far  as  the  eye  can  judge,  we  find  a 
distinct  enough  separation  between  certain  of  the  species.  At  the 
pectoral  region  luscus  has  a  girth  equal  on  the  average  to  60  per  cent,  of 
the  length  of  the  fish,  thus  exceeding  by  a  considerable  amount  the 
respective  girth  in  minuttts  and  esmarkii.  And  since  the  range  of 
variation  in  Inscus  does  not  overlap  that  of  esmarkii  the  difference  in  the 
girth  is  of  some  'specific  value.  The  ranges  of  variation  in  luscus  and 
mintUtu  meet  though  they  do  not  overlap,  and  between  these  two  the 
character  is  of  more  or  less  negative  value.  Minutus  and  esmarkii 
overlap  in  their  ranges  of  variation  and  this  chardcter  is  not  therefore  of 
value.  At  the  anus,  the  girths  in  the  three  species  increase  a  little.  The 
girth  of  minutus  now  overlaps  that  of  luscus.  In  the  girth  at  the  root  of 
the  tail,  where  a  considerable  difference  exists  between  mimdus  and 
luscus^  judging  by  the  eye,  a  small  difference  only  is  shown  by  the  per- 
centages, but  a  complete  separation  is  seen  between  Ivseus  and  esmarkii 
in  respect  to  this  character.  The  dorso-ventral  height  of  the  body  agrees 
closely  with  the  girth  relations. 

In  all  three  species  the  horizontal  diameter  of  the  eye  is  on  the 
average  as  great  or  greater  than  the  length  of  the  snout,  i.e.,  the  distance 
from  the  tip  of  the  jaws  to  the  anterior  edge  of  the  orbit.  Luscus 
has  a  distinctly  smaller  eye  than  minutus  and  esmarkii — which  two 
agree  exactly — but  complete  separation  in  this  character  does  not 
hold  between  any  two  of  the  species.  In  the  size  of  the  interorbital 
space  the  reverse  relation  is  seen,  luscus  having  a  larger  average  than  the 
other  two,  in  which  there  is  equality.  By  their  variation,  however,  they 
merge  into  one  another. 

In  the  matter  of  the  lengths  of  the  ventral,  pectoral,  and  first  dorsal 
fins,  although  very  distinct  agreements  and  difierences  are  shown  in  the 
averages,  still  the  latter  are  so  small  that  they  are  really  of  no  specific 
value.  Thus  in  minutus  and  esmarkii  the  average  size  of  the  ventral  fin 
is  the  same,  while  that  of  luscus  is  a  little  larger ;  whereas  in  the  case  of 
the  pectoral  fin,  luscus  and  esmarkii  agree  closely  and  have  a  fin  a  little 
longer  than  minutus.  The  first  dorsal  fin  is  on  the  average  rather  larger 
in  luscus  than  in  minutus^  but  the  two  ranges  of  variation  overlap. 
This  character  was  not  noted  in  esmarkii. 

In  the  following  characters — height  of  the  lateral  line  above  the  lateral 
axis,  the  length  of  the  rami  of  the  tail,  and  the  spread  of  the  tail,  the 
greatest  height  of  the  unpaired  fins — only  a  few  observations  were  made. 

Luscus  shows  a  considerably  higher  bend  in  the  lateral  line  than 
esmarkii^  and  a  little  higher  than  minutus. 

The  lengths  of  the  rami  of  the  tail  of  the  three  forms  agree  closely,  but 
in  the  spread  of  the  tail  luscus  and  minutus  exceed  esmarkii^  being  on  the 
average  half  as  broad  again  as  the  latter. 

The  length  of  the  barbel  was  in  esDiarkii  on  the  average  3  per  cent,  of 
the  length  of  the  fish  ;  in  one  specimen  of  minutus  the  barbel  was  5  per 
cent,  of  the  same  quantity. 

Distances  from  the  Anterior  Tip  of  the  Body. — The  average  for  the 
length  of  the  snout,  i.e.,  the  distance  of  the  anterior  border  of  the  orbit 
from  the  tip  of  tlie  jaws,  is  the  same  in  luscus  and  minutus,  and  1  per 
cent,  over  that  in  esmarkii ;  but  in  the  latter  the  snout  is  measured  from 
the  tip  of  the  mandible,  which  projects  on  the  average  1  per  cent,  in  front 
of  the  premaxilla.  When  that  amount  is  subtracted  we  get  an  equal 
average  measurement  for  the  snout  in  all  three. 

The  ventral  fin  is  situated  nearest  the  tip  of  the  jaws  in  luscus,  next  in 
minutvs,  and  farthest  back  in  esmarkii.     The  ranges  of  variation  of  the 
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first  and  the  last  meet  but  do  not  overlap ;  they  each  overlap  the  range  of 
variation  of  this  character  in  minutus.  In  the  distance  of  the  opercular 
cleft  from  the  anterior  end  of  the  body  we  obtain  the  same  average  in 
each  species,  and  in  respect  to  the  hind  edge '  of  the  operculum,  while 
the  averages  differ  to  the  extent  of  2  per  cent,  between  mintUus  and 
egmarkii,  each  of  these  differs  from  Ivscus  by  1  per  cent.  only. 

The  position  of  the  pectoral  fin  is  practically  the  same  in  all  three 
species  in  respect  to  the  distance  of  the  base  of  the  first  fin-ray  trom  the 
anterior  end  of  the  fish.  The  distance  of  the  anus  from  the  snout  is  a 
diagnostic  difference  between  lusctis  and  minvtus.  In  the  average,  the 
position  is  at  26  per  cent,  in  the  former  and  at  32  at  the  latter ;  the 
ranges  of  variation  do  not  overlap.  In  esmarkii  the  anus  is  on  the 
the  whole  slightly  farther  back  than  in  mtnutus,  with,  of  course,  a  corres- 
pondingly greater  divergence  from  luacus.  Between  emiarkii  and 
mintUiis  the  ranges  of  variation  overlap. 

In  the  position  of  the  first  dorsal  fin,  there  is  very  close  agreement,  and 
overlapping. 

In  the  second  dorsal  fin  all  three  overlap,  both  in  respect  to  the  point 
at  which  the  fin  begins,  and  also  in  the  position  of  the  end  of  the  fin. 
Lusctis  and  minutus  have  a  longer  fin-base  than  esmarkii. 

In  respect  to  the  beginning  of  the  third  dorsal  fin,  they  are  all  equal, 
but  as  luscus  has  a  shorter  fin-base  than  the  two  others — the  fin  ends  in  it 
a  little  farther  anteriorly  than  in  the  other  two. 

The  first  anal  fin  commences  close  behind  the  anus ;  it  ends  first  in 
esmarkii^  and  then  a  little  distance  farther  posteriorly  in  minutus  and 
luscus. 

In  the  matter  of  the  second  anal  all  three  species  agree,  both  in  its 
commencement  and  its  end. 

The  caudal  peduncle  is  on  the  average  smaller  in  luscus  than  in 
esmarkii  and  minutus^  but  the  ranges  of  variation  overlap. 

The  bend  in  the  lateral  line  rises  farther  back  in  luscus  than  in  the 
other  two.  It  is  usually  just  behind  the  middle  of  the  length  of  the 
body ;  in  no  case  in  luscus  did  it  commence  on  the  anterior  half  of  the 
body ;  in  minutus  and  esmarkii  it  did  in  some  cases  begin  just  on  the 
anterior  side  of  the  middle  of  the  body.  The  lateral  line  rises  more 
rapidly  in  lusctis  than  in  vmiutus  and  esmarkii. 

The  general  relation  between  the  three  forms  in  respect  to  the  different 
characters  selected  has  been  briefly  discussed,  but  these  relationships 
expressed  in  this  form  are  of  themselves  of  no  value  from  the  point  of 
view  of  specific  description.  These  characters  may  and  do  indicate 
where  specific  characters  may  be  found.  For  a  specific  description  it  is 
necessary  that  the  selected  characters  be  tested  on  one  fish.  A  specific 
character  which  infers  comparison  with  a  fish  of  another  species  is  of 
only  secondary  value.  Each  character  must  be  expressed  in  terms  of  the 
individual  fish.  The  size  of  the  eye,  for  example,  may  be  of  specific 
value  when  it  is  stated  in  terms  of  the  length  of  the  snout,  or  of  any 
other  part  of  the  fish,  while  it  is  of  no  value  when  compared  to  the  size 
of  the  eye  in  another  species. 

I  The  position  of  the  anus  is  a  very  good  guide  in  diagnosing  certain 
species,  and  it  is  important  in  the  present  case.  The  form  in  which 
it  is  represented  in  the  Tables,  as  being  situated  at  a  certain  per- 
centage of  the  length  of  the  fish  from  the  tip  of  the  jaws,  is  not  a  useful 
one  for  a  specific  description.  It  should  be  expressed  in  a  relationship 
that  is  more  readily  measured,  and  for  this  the  relation  between  the  posi- 
tion of  the  anus  and  the  situation  of  the  first  dorsal  fin.  Now,  an 
examination  of  the  measurements  of  the  distance  of  the  two  points  shows 
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thkt  amoD);  specimens  of  litscitt  the  anus  was  situated  cicactly  below  the 
beginniDg  of  the  first  doraal  in  three  cases;  in  two  cases  it  was  In  front  of 
that  point  to  the  extent  of  1  per  cent,  of  the  length  of  the  fish,  and  in 
seven  cases  it  was  behind  the  beginning  of  the  first  dorsal  to  the  extent 
of  2  per  cent,  of  the  fishes'  length. 

In  ttucui,  then,  the  anus  is  situated  below  the  beginning  of  the  first 
dorsal  fin. 

In  minuiut  the  anus  occupies  a  very  diETerent  position  in  relation  to  the 
first  dorsal  fin.  Of  3i  examples  of  mintdun,  in  31  the  anus  was  betow 
the  second  half  of  the  first  dorsal,  in  one  case  it  was  beiow  the  middle 
point  of  the  fin,  and  in  two  cases  it  was  just  in  front  of  the  middle  point 
to  the  extent  of  1  per  cent,  of  the  length  of  the  fish.  In  viinittue,  there- 
fore, the  anus  is  under  the  second  half  of  the  first  dorsal  fin,  i.e.,  from 
the  middle  of  the  fin  to  the  hind  limit  of  its  base.  The  amount  by 
which  the  anus  was  in  front  of  the  middle  point  of  the  fin  would  not 
be  noticeable  to  the  eye,  and  for  all  praciical  purposes  it  woold  be 
regarded  as  coinciding  with  the  middle  point. 

In  etmarhii  the  anus  is  below  the  second  half  of  the  first  dorsal  fin  ; 
this  was  found  to  be  the  case  in  all  the  fishes  in  which  these  characters 
had  been  recorded — viz.,  66  in  number.  In  one  of  these  the  anus  was 
exactly  below  the  end  point  of  the  fin-base.  In  eemarhii,  then,  the  anus 
is  situated  below  the  second  half  of  the  first  dorsal  fin. 

The  comparative  depth  of  the  members  of  the  two  species,  luscu*  and 
minutits,  has  been  insisted  on  in  a  specific  description.  It  is  not,  however, 
very  easy  to  reduce  this  relation  to  a  specific  character.  In  some  speci- 
mens it  is  w«ll  marked ;  but  while  luscua  is  always  a  deep  fish,  minvtvt  is 
variable  in  this  respect.  Sometimes  in  a  collection  of  ininutui  it  is 
possible  to  divide  them  up  into  two  lots  dlETering  markedly  in  the  depth 
of  body,  and  in  the  deeper  lot  simulating  in  depth  lutcug.  It  is  necessary 
to  know  the  range  of  variation  in  this  character  as  determined  by  the 
measurements  of  various  examples.  If,  therefore,  we  examine  the 
average  dorso- ventral  height  of  each  species,  as  set  out  in  Table  XIII,  we 
find  the  average  height  at  the  anus  is,  for  lusout,  26  per  cent ;  for  minu&u, 
21  per  cent.;  and  for  esmarkii,  18  per  cent,  of  the  length  of  the  fish.  In 
liuats,  however,  the  depth  ranges  from  28  per  cent,  to  32  per  cent.,  while 
in  minutut  the  limits  were  24  per  cent,  and  18  per  cent.  The  relation 
between  the  two  species  might  be  summarised  thus  : — Where  the  dorso- 
ventral  height  reaches  one-quarter  or  more  of  the  length  of  the  fish,  we 
have  to  deal  with  Ititeua ;  where  the  same  character  is  as  small  as 
one-fifth  or  less  of  the  length,  the  fish  is  probably  vtiwitue  or  eimarkii; 
but  where  the  relation  lies  between  one-quarter  and  one-fifth,  either  of 
the  two  first  species  may  be  represented.  It  is  evident,  then,  that  a 
character  such  as  this  is  only  of  small  importance  for  specific  diagnosis. 

The  Lengths  of  the  Baset  of  the  Unpaired  FitiM. 
The  inter-relations  of  the  sizes  of  the  different  fin-bases  may  be  here 
considered.      In  the  following  Table  the  average  size  of  the  fin-base, 
expressed  as  a  percentage  of  the  length  of  the  fish,  and  its  range  of  varia- 
tion ia  given  for  each  of  the  three  species. 
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The  base  of  the  first  aual  fia  ie  measured  from  the  hind  edge  of  the 
anus  to  the  end  of  the  base  of  the  6d. 

Various  relationships  between  the  lengths  of  the  fin-bases  may  be  made 
out  by  inspection  of  the  averages.  Take,  for  example,  the  ratio  between 
the  lengths  of  the  anal  fins  : — 

In  luseut  the  firat  anal  bears  to  the  second  anal  the  ratio  of  40  :  15, 

i.e.,  8  :  3. 
In  minutus  the  corresponding  ratio  is  31  :  15'5,  i.t.,  2  :  1. 
In  etTTtarkii  the  corresponding  ratio  is  28  :  17,  ie,,  5  ;  .^. 
From  these  data,  then,  it  might  be  expected  that  a  specific  character 
could  be  obtained  in  the  relation  between  the  two  anal  fins.      To  test  its 
value  from  the  point  of  view  of  specific  description  it  ia  necessary  to  find 
what  ratios  are  found  in  a  number  of  fish.     These  are  set  out  below.    The 
various  ratios  found  existing  between  the  anal  fins  in  respect  to  the  length 
of  their  bases  is  set  ont  for  each  species,  and  the  frequency  with  which 
each  occurred  in  the  sample  of  fish  is  also  added. 


Ratios  of  the 
First  Anal  to 

Frequency 

Frequency 

Frequency 

the  Second 
Anal  Fin. 

(?.  lusctu. 

ff.  minutm. 

G.etmarMi. 

3-3  :  1 

1 

3-2  :  I 

31  :  1 

1 

3      :  1 

2 

2-9  :  1 

2-8  :   1 

i 

2-7   :   1 

7 

2-6  :  1 

6 

2-5  :  I 

12 

2-4  :  1 

4 

2-3  :  1 

1 

2-2  :   1 

3 

4       ; 

21    :  1 

1 

2       :   1 

s       i         1       ■ 

JD   :    1 

3 

1-8   :    1 

7 

9 

1-7   :   1 

3 

7 

1-6    :   1 

8 

1-5   :    1 

13 

1'4  :  1       j 

4 

13:1       ' 

2 

Total 

44 
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TliQ  extensive  overlapping  betweeu  Ivaeut  and  mintUu*  aad  between 
minutut  and  esmarkii  rendera  this  cliaracter  of  valae  only  as  %  distiu- 
guishing  feature  between  Ittscus  and  eamarkii.  In  lusetu  the  first  anal  is 
tlwajs  more  than  twice  as  long  as  the  second  anal;  in  etmarkii  it  is 
nsu^y  less  than  twice  the  length  of  the  second  anal. 

The  above  is  the  most  promising  relationship  between  the  lengths  of 
the  fin-bases  in  any  of  the  species. 

The  three  species  agree  fairlj  closely  in  the  lengths  of  the  dorsal  fins, 
bnt  show  wide  diversity  in  the  lengths  of  the  anal  fins.  If  we  add  the 
bases  of  the  fins  of  each  species  together,  keeping  the  dorsal  and  anal 
groups  separate,  the  relations  will  be  seen  more  easily. 


Species. 

Sum  of  Bases 
of  Dorsal  Fins 

(Average  Sizes). 

Sum  of  Bases 
of  Anal  Fins 
(Average  Sizes). 

G.  luseiuf, 

a.  miitiUut,  .  . 

Q.  rnnarkii, 

49-3 
50-7 
50-5 

64-8 
46-5 
44-4 

In  each  species  a  portion  of  the  dorsal  edge  equal  to  half  the  length  of 
the  fish  bears  fin-rays.  On  the  anal  edge  the  sise  of  the  fin-bearing  part 
varies  with  the  species. 

The  Number  of  Rayt  in  the  Unpaired  Fine. 

In  the  accompanying  Table  are  arranged  the  average,  maximum  and 

minimum  number  of  rays  found  for  each  fin.     A  detailed  analysis  of  the 

numbers  of  fin-rays  in  each  fish  is  given  in  Tables  I,  II,  III.    The  range 

of  vuiation  in  each  species  is  shown  in  Table  V. 
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lu  respect  of  the  first  dorsal,  Iwtctm  and  mimitut  agree  closely  both 
in  average,  13,  and  in  the  range  of  variation,  16-11.  Emnarkii  has  a 
larger  number  of  rays,  vis.,  15  on  the  average,  with  a  maximum  and 
minimum  of  IS  and  16  rays  respectively. 

In  the  second  dorsal  the  two  former  species  are  again  almost  identical 
with  an  average  of  23,  while  eemarkii  has  an  average  of  25. 

The  close  agreement  persists  between  lutcue  and  minuttu  in  the 
third  dorsal  also,  etmarkii  having  in  this  fin  also  a  higher  average. 

The  first  anal,  however,  brings  about  a  separation  between  fuMUS  and 
minuttu;  this  was,  of  course,  apparent  also  when  the  length  of  the  fin- 
basae  were  diacussed.  Ln^eus  baa  34  fln-rays,  and  minuttu  28  rays  in 
the  fin,  while  eemarkii  approaches  the  latter  closely,  having  an  average 
of  29. 
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In  the  second  anal  luseua  and  minutus  are  again  in  close  agreement 
with  averages  of  21  and  22  respectively,  vrhil^  esTnarkii  shows  an  average 
of  27  rays. 

Esmarkii  has  a  much  larger  number  of  fin-rays  than  either  Itucus 
or  mintUiLS. 

The  average  number  of  fin-rays  in  all  three  dorsals  is,  for  luscus  56 ; 
minutusj  57;  and  eamarhii,  66. 

It  was  [noticed  above  that  the  extent  of  the  dorsal  edge  which  bore 
fin-rays  was  the  same  in  all  three  species.  It  therefore  follows  that  in 
esmarkii  we  have  to  deal  with  a  rather  lighter  and  less  robust  ray  than  in 
the  two  others. 

The  anal  rays  (first  and  second)  amoimt  to  55  in  the  case  of  luseua,  50 
in  minuttu,  and  56  in  esmarkii.  Here  luseus  has  a  total  of  55  rays 
distributed  on  a  portion  of  the  ventral  edge  equal  to  50  per  cent,  of  the 
length  of  the  fish,  while  niinutus  has  50  rays  on  46  per  cent,  of  the 
length,  and  esmarkii  has  56  rays  on  a  part  equal  to  45  per  cent,  of  the 
length  of  the  fish.  In  the  anal  fin-bearing  part  we  have  in  esmarkii  a 
greater  number  of  rays  to  the  unit  of  length  than  in  luseus  and  minutus. 

If,  now,  we  divide  the  average  length  of  the  fin-base  by  the  average 
number  of  rays  we  shall  get  a  relative  index  of  the  robustness  of  the  fin- 
rays  in  the  different  species,  and  in  the  different  fins  of  the  same  species. 


Average  Index  of  Fin-rays  for  each  Fin. 


Species. 

Id.      ! 

2d. 

3d. 

lA. 

2  a. 

G.  luseus. 

•8 

1-07 

•65 

1-17 

•71 

G.  minutus f 

•84 

104 

•71 

11 

•7 

G,  esmarkii, 

•8             ; 

•88 

•63 

•96 

•63 

The  index  of  the  fin-ray  of  esmarkii  is  smaller  than  those  of  luseus 
and  minuiusj  in  all  the  fins  except  the  first.  There  is  also  to  be  noticed 
that  in  each  species  the  indices  of  the  third  dorsal  and  second  anal  agree 
closely,  and  together  differ  from  the  indices  of  the  second  dorsal  and  first 
anal  fins.  In  the  two  former  fins  the  rays  are  set  more  closely  together, 
which  probably  means  that  they  are  less  robust  rays  than  those  of  the 
other  fins. 

The  three  species  agree  fairly  closely  in  their  respective  indices  for  the 
first  dorsal  fin.  In  all  three  species  the  indices  for  this  fin  are  lees  than 
those  of  the  second  dorsal  and  first  anal  fins. 

From  the  Tables  given  above  it  is  seen  that  there  is  no  typical  generic 
number  of  rays  either  for  the  dorsal  or  anal  group.  In  the  two  closely 
related  forms,  luseus  and  minutus^  there  is  an  almost  identical  number  of 
fin-rays  for  each  fin  in  the  dorsal  group,  but  they  are  both  widely 
separated  from  esmarkii  in  this  comparison.  In  the  matter  of  the  ansJ 
fin-rays,  luseus  and  minutus  were  separated.  Here  the  anal  rays  have  a 
specific  value.  The  dorsal  fins  are  together,  on  the  other  hand,  a  sub- 
generic  character.  The  extent  of  the  dorsal  edge  of  the  body  furnished 
with  fin-rays  is  the  same  in  all  three  species ;  but  the  quality  of  the  rays 
is  specific,  and  involves  different  numbers. 
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The  Number  of  Rays  in  fhp  Paired  Fins  and  Caudal  Fin. 


Species. 


G.  liiscics. 


(Length 
i  of  the 
'  Fish. 


(;m. 
24 
26 
27 
27 


(t.  minxitus. 


0.  esmarkii. 


Sex.  ' 


Vent- 
ral Fin. 


Pecto-  iCaudal 
ral  Fin.l    Fin. 


6 
6 
6 
6 


I  19 
,  18 
.  20 
i  20 


38 
40 


Average, 


14 
14 
19 
21 
22 
23 
24 
25 


6(4) 

19(4) 

39(2) 

(} 

19 

•  •  • 

6 

19 

•  •  • 

6 

20 

•  a  • 

6 

20 

6 

18 

39 

6 

18 

39 

6 

19 

38 

6 

19 

•  •  • 

Average, 


6  (8)    19  (8) 


38-6(3) 


15 

? 

6 

20 

15 

$ 

'■     6 

19 

16 

... 

6 

19 

18 

2 

6 

20 

21 

2 

6 

20 

40 


Average,     ;  6  (5) 


19-6(5); 


In  all  the  specimens  examined  the  same  number  of  rays  was  obtained 
in  the  ventral  fin,  viz.,  6.  In  the  case  of  the  pectoral  fin  there  is  a 
fairly  similar  amount  of  variation  in  each  species ;  and  the  number  of 
caudal  rays  is  apparently  very  similar  in  the  three  species.  The  absence 
of  variation  in  the  ventral  fin  is  to  be  expected,  from  the  fact  of  there 
being  so  few  rays.  That  may  be  one  of  the  factors,  but  it  may  also  be 
in  part  due  to  the  fact  that  the  ventral  fin  has  a  well  fixed  function  in 
the  genus — that  its  function,  whatever  it  may  be,  is  exactly  similar  in 
each  of  the  species  in  which  its  rays  remain  the  same. 


The  Lengths  of  the  Ventral  and  Pectoral  Fins. 

The  authors  of  *'  The  Scandinavian  Fishes  "  state  in  their  description 
of  G.  minutus  that  the  tip  of  the  ventral  fin  reaches  past  the  anus.  This 
is  not  constant.  The  ventral  fin  has  a  long  filamentous  tip  in  the 
three  species. 
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In  hiseus  the  yentral  fin  always  extends  past  the  anus,  but  in  mintUus 
and  esniarkii  the  tip  of  this  fin  often  fails  to  reach  the  level  of  the  anus. 

Of  18  examples  of  minutuSt  in  6  the  tip  of  the  ventral  fin  did  not 
reach  the  anus ;  in  3  cases  it  reached  the  anus  exactly ;  and  in  9  cases  it 
passed  the  anus. 

Fifty-two  examples  of  esmarkii  were  examined  for  this  character.  In 
20  the  tip  of  the  ventral  fin  did  not  reach  the  anus  ;  in  20  it  reached  the 
anus;  and  in  12  specimens  it  reached  past  the  anus. 

The  tip  of  the  pectoral  fin  extended  past  the  anus  in  all  the  specimens 
of  each  species  in  which  the  character  was  noted,  viz.,  9  examples 
of  luscus,  18  of  mimUuSy  and  43  of  esmarkii. 

The  Vertehrte. 

The  details  regarding  the  variation  in  the  number  of  vertebra  in  the 
three  species  will  be  found  in  Tables  I.,  II.,  III.,  IV.  They  are 
summarised  in  Table  VI. 

The  average  number  of  vertebrae  was  : — LuscuSy  48*4  ;  minutus,  49*4  ; 
esmarkii,  53*4. 

In  the  matter  of  the  average  number  of  vertebrae,  lusciui  and  minutus 
come  very  near  each  other,  the  latter  exceeding  the  former  by  one. 
Esmarkii  has  the  comparatively  high  average  of  53*4.  The  higher 
number  of  vertebras  is  accompanied  in  this  species  by  a  higher  number 
of  rays  in  the  unpaired  fins. 

The  average  number  of  the  vertebra  bearing  the  first  hasmal  arch  was 
16  in  luscuSf  and  the  same  in  miniUtis,  while  in  esmarkii  the  average 
was  18*6. 

The  UHnary  Bladder  and  Ureter, 

The  urinary  bladder  in  luscus  has  no  lobe ;  in  minutus  and  esmarkii 
it  has  usually  two  lobes. 

Luscus. — None  of  the  specimens  examined  had  a  lobe  to  the  urinary 
bladder.     The  bladder  in  this  form  is  coloured  a  silvery  white. 

Minuttts, — In  the  great  majority  of  cases  where  this  character  was 
noted,  two  lobes  were  found  attached  to  the  urinary  bladder,  one  on  each 
side.  This  was  the  condition  in  12  males  and  39  females.  In  6  speci- 
mens (3  males  and  3  females)  one  lobe  only  was  made  out.  In  no  case 
were  both  lobes  absent.  They  are  diverticula  of  the  bladder,  and  vary  in 
size.  Sometimes  both  are  long,  narrow  processes ;  one  may  be  a  short 
flap ;  or  both  may  be  small. 

In  one  female  23cm.  in  length  the  left  lobe  had  a  small  secondary 
lobe  attached  to  it. 

In  a  female  25cm.  long,  captured  in  March,  both  lobes  were  large; 
they  were  well  supplied  with  blood-vessels,  and  their  edges  were  frilled. 
Two  of  the  females  got  at  the  same  time,  measuring  23cm.,  had  similar , 
lobes.  In  another  March  fish,  a  male  22cm.  long,  one  lobe  only  was 
found,  and  it  was  well  supplied  with  blood-vessels.  Another  male, 
22cm.,  captured  in  March,  had  two  long  lobes  which  were  supplied  with 
blood-vessels,  but  were  not  frilled.  A  ripe  female  in  June  had  large 
frilled  lobes. 

Esmarkii, — In  this  form  there  are  usually  two  lobes  to  the  urinary 
bladder.  In  four  cases,  however,  no  lobe  was  made  out  These  fish  had 
been  for  two  or  three  years  in  the  preservative.  In  15  specimens  one 
lobe  only  was  distinguished,  but  in  the  remaining  63  examples  in  which 
the  character  was  noted  both  lobes  were  found.  The  lobee  may  be  both 
long,  or  one  may  be  short 
I 
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The  Ureter  yaries  in  position  with  respect  to  the  swim-bladder.     It 
may  come  down  from  the  kidney  on  either  side  of  the  swim  bladder 
Its  position  has  been  noted  in  a  number  of  specimens. 

Ltucus. — Out  of  11  cases  the  ureter  was  on  the  left  in  7,  and  on  the 
right  in  4. 

MimUus. — Out  of  39  cases  the  ureter  was  on  the  left  in  14,  and  on  the 
right  in  25. 

Esmarkii. — Out  of  53  cases  the  ureter  was  on  the  left  in  21,  and  on 
the  right  of  the  swim-bladder  in  32. 

Reproductio7L 

G,  luseus. — All  the  specimens  of  Itucus  examined  were  mature.  The 
smallest  male  in  the  collection  measured  16'8cm.y  and  the  next  in  size 
was  21cm.,  while  the  smallest  female  was  25cm.  long.  Fifty-three 
specimens  were  examined  in  all. 

The  reproductive  organs  ripen  early  in  the  spring. 

In  January,  of  the  males  (24  in  number),  22  had  large  testes,  and  2 
had  developing  smaller  testes ;  of  18  females,  17  had  large  ovaries,  and 
one  had  a  smaller  developing  ovary. 

In  February  1  male  and  3  females  were  ripe,  and  3  males  had  large 
testes.     In  1  female  there  was  a  developing  ovary. 

In  March  1  female  was  ripe,  and  another  had  a  developing  ovary. 

In  May  the  one  specimen  examined  was  a  spent  female. 

A  female  measuring  24cm.  obtained  in  June  had  a  small  ovary. 

The  ovary  is  regarded  as  ripe  when  it  contains  transparent  eggs. 
These  are  tu  be  seen  through  the  skin  of  the  ovary  scattered  over  the 
ovary,  giving  the  condition  known  as  the  ^*  beaded  roe."  The  ovary  may 
thus  be  labelled  ripe  before  it  is  actually  running.  The  large  ovaries  are 
white  "  hard  roes." 

Mcintosh  and  Masterman  give  the  spawning  time  of  this  form  as 
January — February.  Fulton  found  a  luscui  ripe  in  the  Forth  in  March 
and  another  in  May.  According  to  Heincke  and  Ehrenbaum  luscue 
spawns  at  Heligoland  from  (March  ?)  April  to  August. 

O,  minutus.  All  the  fishes  of  this  species  of  which  the  condition  of 
the  reproductive  organs  has  been  recorded  were  mature.  The  smallest 
male  and  female  measured  15cm.,  and  above  that  size  mature  males  were 
obtained  at  each  centimetre  up  to  the  length  of  22cm.  No  male  larger 
than  that  was  found.  Mature  females  were  found  at  every  centimetre  of 
length  from  15cm.  up  to  29cm.,  with  the  exception  of  28cm.,  at  which 
size  no  mifiutus  was  obtained.  The  evidence  therefore  points  to  the 
conclusion  that  minuius  becomes  mature  both  in  the  male  and  female  at 
or  before  reaching  a  size  of  15cm.  in  length. 

The  reproductive  organs  of  minutua  ripen  about  the  same  time  of  the 
.  year,  but  a  little  later  than  in  luscua.  Ripe  females  of  minutus  were  not 
met  with  till  March. 

In  December  5  females  had  small  developing  ovaries. 

In  January  1  male  was  ripe,  10  males  had  large  testes,  while  1  male 
had  a  small  developing  testis.  Thirty  females  had  large  ovaries,  and  22 
had  small  developing  ovaries. 

In  February  16  males  had  large  testes,  73  females  had  large  ovaries, 
and  5  females  had  small  developing  ovaries. 

In  March  6  males  had  nearly  ripe  testes,  2  females  were  ripe,  and  55 
females  had  large  ovaries.  In  tMs  month  nearly  all  the  oraries  were 
large,  white  "  hard  roes." 

In  May  2  males  had  nearly  ripe  testes,  and  48  females  were  ripe. 
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In  June  2  females  were  ripe  and  2  males  had  fairly  large  testes.  Two 
males  from  the  Firth  of  Forth  were  ripe. 

The  spawning  time  of  this  species  is,  according  to  M'Intosh  and 
Masterman,  March — June. 

The  ovary  of  lusciis  and  mintUtu  is  distinctly  triangular.  The  base  of 
the  triangle  is  parallel  and  close  to  the  swim-bladder,  the  apex  is  the 
attachment  by  the  oviduct  to  the  anal  region.  The  ovary  grows  forwards 
into  the  abdominal  cavity  and  posteriorly  into  the  post-abdominal  cavity. 

TIiA  Ripe  Eggs  of  Luseus  and  Minutus, 

O,  Uiscus, — The  ripe  eggs  of  luseus  were  found  in  a  female  in  February. 
The  transparent  eggs  measured  1*1  x  1*25  and  1*2  x  l'25mm.  The 
opaque  eggs  in  the  same  ovary  measured  about  *7mm.  in  diameter.  The 
fish  had  been  in  formaline  solution. 

In  March  the  eggs,  which  were  dead,  were  pressed  out  by  the  genital 
aperture.  They  were  ripe,  and  measured  1'07  x  1*25 ;  they  were  in  the 
fresh  condition. 

Cunningham  found  the  eggs  of  a  ripe  luseus  to  measure  from  1*05- 
l*15mm.  Mcintosh  and  Masterman  found  that  the  ripe  eggs  of  this 
form  after  being  preserved  in  spirit  measured  1*1 4-1 '16mm.  in  diameter. 

G.  minutus, — In  January  three-fourths  of  the  eggs  in  the  ovary  were 
yolked. 

In  February,  in  one  fish  the  yolked  eggs  measured  *55mm.  in  diameter. 

On  April  1  two  of  the  minutv,s  were  in  a  spawning  condition.  The 
eggs  flowed  freely  out  at  the  genital  pore.  They  were  not  fertilised :  no 
ripe  male  was  available.  After  being  in  water  overnight  some  of  the  eggs 
remained  transparent  and  floating.  They  were  measured,  and  the  sizes 
of  their  diameters  in  millimeters  were  as  follows: — 1,  1,  l,  1)  1|  ly  *97, 
•97,  -97,  -97,  -97,  -97,  97,  -95,  -9,  -9  x  '85,  -9  x  -85,  -87,  -87,  *87,  *87. 
*87.     Some  of  the  eggs  showed  a  striated  zona. 

According  to  M'Intosh  the  ripe  egg  of  minutus  measures  *906mm.  in 
diameter. 

Maturity  of  G.  esmarhU, 

0,  esmarkii. — The  smallest  mature  specimens  of  this  form,  so  far  as  the 
development  of  the  reproductive  organs  bore  witness,  were  a  male  at 
11cm.  and  a  female  measuring  9cm.  in  total  length.  Both  had  developing 
genital  organs. 

Holt  found  two  ripe  females,  measuring  4^in.  (about  11cm.)  in  length, 
in  April.  Fulton  says  that  spawning  probably  takes  place  in  February 
and  March. 

The  ovary  of  esmarkii  is  like  that  organ  in  Itbscus  and  minutus — 
triangular  in  shape.  It  has  only  a  slight  attachment  to  the  roof  of  the 
abdominal  cavity,  except  for  the  ureter.  It  grows  forward  along  the  floor 
of  the  abdominal  cavity,  and  is  in  some  specimens  pushed  to  one  side  by 
the  great  development  of  the  liver. 

The  Swim- Bladder. 

The  Rwim-bladder  in  luseus  and  minutus  is  large.  It  is  usually  found 
to  be  ruptured.     In  one  case  an  uninjured  swim-bladder  was  noticed. 

The  Skulls  of  Luseus,  Afinuius,  and  Esmarkii. 

The  skulls  of  luseus  and  minutus  resemble  one  another  much,  and  both 
differ  distinctly  from  the  skull  of  esmarkii.  The  main  character  of 
difference  is  the  slope  of  the  ethmoid  bone.     When  the  three  skulls  are 
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examined  in  side  view  the  ethmoid  in  esmarkii  {E,j  fig.  9,  pi.  xi.)  is 
seen  to  slope  backwards  quickly,  whereas  in  minutus  (fig.  6,  ih,)  and 
luscu8  (fig.  3,  ih,)  it  is  more  nearly  vertical. 

There  are  few  distinguishing  features  between  the  skulls  of  luecus  and 
minutus,  even  when  they  are  compared  side  by  side.  To  convert  these 
differences  into  characters  by  which  the  skull  might  be  recognised  apart 
from  the  other  is  well  nigh  impossible,  so  closely  are  they  related. 
A  general  contrast  will,  therefore,  be  made  between  the  two. 
In  two  fish  of  the  same  size  the  skull  of  minutus  was  the  larger — it 
was  slightly  longer  and  higher. 

Seen  from  above,  when  the  skull  is  resting  on  the  vomer  and  the  par- 
asphenoid,  the  calcified  base  of  the  ethmoid  (E.)  is  partly  hidden  by  the 
crest  of  the  bone  in  luscus  (fig.  4) ;  in  minutus  the  whole  of  the  base  is 
visible  (fig.  8). 

The  processes  from  the  parietals  (P.  pr.)  are  large,  winglike,  in  luecus ; 
they  are  narrow  in  minutus.  The  squamosals  (Sq.)  project  posteriorly 
farther  in  luscus  than  in  minutus.  The  notch  between  the  frontal  (F.) 
and  post-frontal  (pt.-F.)  which  receives  the  mucous  canal  pasting 
round  the  eye,  is  much  smaller  in  minutus  than  in  luscus.  The  frontal 
in  luscus  contracts  a  little  over  the  orbits  and  then  expands  again  into  a 
broadened  anterior  extremity.  In  minutus  it  comes  to  its  narrowest  over 
the  orbits,  and  is  continued  forward  with  the  same  breadth. 

The  breadth  of  the  anterior  end  of  the  skull,  measured  from  the  outer 
angle  of  one  pre-frontal  (pr.-F.)  to  the  outer  angle  of  the  other,  is  in  luscus 
greater  than  in  minutus. 

Side  view, — The  occipital  spine  (Oc.  Sp.)  of  luscus  (fig.  3)  is  much 
higher  than  that  of  minutus  (tig.  6).  The  part  of  the  spine  on  the 
frontal  rises  more  rapidly  in  the  former. 

The  hind  edge  of  the  occipital  spine  may  be  straight,  or  it  may  be 
slightly  incurved  just  before  reaching  the  occipital  foramen. 

The  front  edge  of  the  ethmoid  has  less  backward  slope  in  luscus  than 
in  minutus. 

In  minvius  the  pre-frontal  rises  up  to  meet  the  outer  comer  of  the 
frontal :  it  raises  the  latter  a  little.     In  luscus  it  does  not  rise  so  much. 
Seen  from  below,  the  pre-frontal  is  roughly  of  a  quadrant  shape  in 
luscus  (tig.  12),  and  of  a  sextant  shape  in  minutus  (fig.  11). 

The  parasphenoid  (P.s)  is  more  slender  in  minutus  than  in  luscus. 
The  brain-case  is  more  spherical  in  shape  in  minutus  than  in  luscus. 
Seen  from  behind,  the  squamosal  (Sq.)  bends  outwards  and  upwards 
in  luscus  (fig.  5).      In  minutus  it  projects  more  in  a  horizontal  direction 

(fig-  7). 

The  opisthotic  (op.  0.)  forms  in  minuttis  a  projecting  angle  where  the 

post-temporal  articulates  with  it ;  this  angle  was  not  noticed  in  luscus. 

The  par  o'ccipital  (par.-Oc.)  of  luscvs  is  continued  backwards  in  a  pro- 
jecting angle  {Ang),  and  in  consequence  the  edge  of  the  ex-occipital 
(e.-Oc,  fig.  3)  curves  downward  in  a  concave  sense  to  the  articulation 
with  the  shorter  arm  of  the  post-temporal.  It  is  thus  contrasted  strongly 
with  the  blunt  termination  of  the  par-occipital  in  minutus  (tig.  6). 

The  skull  of  esmarkii  is  long  when  compared  with  that  of  minutus. 
An  esmarkii  measuring  15*5cm.  in  length  had  a  skull  equal  in  length  to 
that  of  a  minutus  21cm.  long. 

The  ethmoid  slopes  back  very  quickly  *  in  esmarkii  (fig.  9).  The 
frontal  is  narrow  over  the  eyes,  and  the  pre-frontals  stand  out  prominently 
laterally,  but  the  breadth  across  them  is  small  {^g,  10). 

The  vomer  projects  further  in  front  of  the  pre-frontals  in  etmarkii 
fig.  13)  than  in  minutus  and  luscus. 
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Otoliths. — Generally,  the  otolith  of  minuttis  was  heavier,  more  massive 
than  that  of  lusctts,  in  fish  of  the  same  length.  The  bossing  or  marking 
on  the  concave  suriface  of  the  earstone  is  more  distinct  in  luscus;  it  tends 
to  become  smoothed  down  in  minutus.  Two  minutus  of  one  length 
bad  very  different  otoliths ;  in  one  they  were  much  more  massive  than 
in  the  other  fish. 

The  otolith  of  esmarkti  shows  a  tendency  to  transverse  ridging  in  place 
of,  or  in  addition  to,  bossing  on  the  concave  surface. 

The  clavicle^  ^c. — Slight  differences  are  to  be  seen  in  the  clavicle^  post 
clavicle^  and  premaxilla  between  minutus  and  luscus.  Thus,  in  the 
clavicle  the  ridge  dividing  the  outer  surface  of  the  bone  is  broader  and 
more  prominent  in  luscus  than  in  minutus.  The  post  clavicle  of  minutus 
has  a  carved  expanded  superior  end ;  in  luscus  the  head  of  the  bone  is 
expanded  and  bent  a  little  off  the  struight. 

In  the  premaxilla  the  only  noticeable  difference  was  in  the  rather 
longer  and  narrower  shape  of  the  plate  expansion  on  the  distal  part  of  the 
bone  in  minutus. 

Teeth. 

The  teeth  are  small  in  luscus  and  minutus  and  minute  in  esmarkti, 

A  Discussion  of  the  Species, 
Gadus  luscus  and   G,  minutus. 

Only  a  very  brief  notice  of  the  literature  is  necessary.  Yarrell  gives 
characteristic  figures  of  luscus  and  minutus.  The  specific  characters  are 
treated  only  briefly.  He  says  with  regard  to  luscus  that  it  has  the 
power  of  inflating  a  membrane  which  covers  its  eyes,  and  for  that  reason 
it  is  called  Pout,  Bib,  Blens,  Blinds.  Tha  anus  is  in  a  line  under  the 
origin  of  the  pectoral  fin.  The  end  of  the  rays  of  the  tail  are  nearly 
square.  It  has  a  dark  spot  at  the  origin  of  the  pectoral  fin.  The  Bib  is 
the  deepest  gadid.  The  fin-formula  given  by  Yarrell  is — 1  D,  11 ;  2D, 
20 ;  3  D,  16  ;  1  A,  33 ;  2  A,  19 ;  P,  18  ;  V,  6.     Vertebne,  48. 

0,  minutus  has,  according  to  this  author,  the  following  fin-formula  : — 
1  D,  12 ;  2  D,  19 ;  3  D,  17 ;  1  A,  25 ;  2  A,  17  ;  P,  14 ;  V,  6. 

At  different  times  the  identity  of  the  two  species,  G,  minutus  and  G. 
luscits  has  been  maintained.  This  is  the  view  which  Smitt  maintains  in 
the  last  edition  of  the  *'  Scandinavian  Fishes,''  although  plates  showing 
perfectly  characteristic  luscus  and  minutus  are  included  in  the  work. 
According  to  this  author,  Steindacher  had  asserted  that  the  depth  of  the 
fish  is  merely  a  character  of  age,  and  he  referred  to  the  same  category  the 
character  derived  from  the  union  of  the  anals  in  luscus  and  their  separa- 
tion in  minutus.  The  comparative  depth  of  the  two  species  is  certainly 
not  a  character  that  can  be  relied  upon.  But  the  deficiency  in  the  second 
character  mentioned  I  have  not  been  able  to  find  in  the  adult.  Schmidt 
found  this  a  very  reliable  character  in  the  very  young  stages.  Further, 
Smitt  remarks  that  *'  the  size  of  the  eyes  has  been  long  since  ascertained 
to  undergo  a  relative  diminution  with  increasing  age."  The  relative  size 
of  the  eyes  in  luscus  and  minutus  is  not  of  much  importance. 

Smitt  has  compared  5  minutus  and  3  luscus  with  respect  to  a  large 
number  of  characters.  In  a  considerable  proportion  of  these  very  close 
agreement  is  found  between  the  two  species.  That  is  to  be  expected, 
since  luscus  and  minutus  resemble  one  another  closely ;  in  fact  they  form 
a  small  group  of  two  fishes  very  distinct  from  the  other  Gadids.  The 
following  are  the  characters  which  Smitt  selected : — Length  of  the  head ; 
distance  of  the  beginning  of  each  of  the  three  dorsal  fins  from  the  tip  of 
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the  snont ;  lengths  of  the  ventral  and  pectoral  fins  ;  length  of  the  bases 
of  the  third  dorsal  and  first  anal  fins ;  the  horizontal  diameter  of  the  eye ; 
breadth  of  the  hind  extremity  of  the  maxilla;  distance  between  the 
ventral  fin  and  beginning  of  the  first  anal  fin.  All  these  characters  were 
represented  as  percentages  of  the  total  length  of  the  fish.  In  most  of 
these  characters  not  only  do  luacus  and  minulvs  come  close  together,  but 
they  both  closely  resemble  esmarkiij  as  reference  to  Table  XIII.  will  show. 
In  the  characters  the  length  of  the  bases  of  the  third  dorsal,  minutus  and 
esmarkiif  come  close  together,  both  being  separated  from  minuius.  In  the 
length  of  the  base  of  the  first  anal  considerable  diversity  exists  between 
the  three  forms.  It  is  not  necessary  to  follow  Smitt  into  the  other 
characters,  which  are  represented  as  percentages  of  various  standards.  It 
is  to  be  expected  that  the  difiTerent  species  in  a  genus  will  show  very 
many  points  of  close  resemblance,  and  that  the  characters  in  which  they 
differ  may  be  few.  The  specific  Umt  ensemble  may  be  very  characteristic, 
and  still  not  be  easily  reduced  to  a  specific  description.  The  specific 
descriptions  of  the  two  fishes  in  the  "  Scandinavian  Fishes  "  recite  in 
detail  many  points  in  which  the  two  species  of  luscvs  and  minutus  agree, 
and  do  not  emphasise  the  points  of  difference. 

The  fin-formulsB  and  vertebrse  given  in  the  "  Scandinavian  Fishes  "  are 
as  follows !'~~~' 

Luscue^l  D,  12-U;  2  D,  20-26 ;  3  D,  18-20;  1  A,  27-35;  2  A, 
17-21 ;  Pect.,  19-20;  Ventr.,  6.     Vertebrae,  48. 

Minuiu8--l  D,  12-15 ;  2  D,  19-25 ;  3  D,  17-24 ;  1  A,  25-31 ;  2  A, 
17-23  ;  Pect.,  17-19  ;  Ventr.,  6.     Vertebrae,  50. 

The  variations  in  the  number  of  fi n-ra3rs  found  during  the  present 
research  are  arranged  In  Table  V.,  p.  149,  and  the  variations  in  the 
number  of  vertebrae  appear  in  Table  VI.,  p.  150. 

Schmidt  discusses  Smitt's  evidence  on  the  question  of  the  identity  of 
the  two  species.  He  shows  that  in  the  young  stages  luscus  and  minutus 
are  quite  characteristic,  and  are  easily  separated  by  the  specific  characters 
that  hold  good  in  the  adult.  He  emphasises  the  position  of  the  anus 
with  reference  to  the  first  dorsal  fin,  and  the  union  of  the  anal  fins  wnich 
he  finds  constant  in  the  young  stages.  He  also  lays  stress  on  the  differ- 
ence in  depth  between  the  two  species.  He  describes  and  figures  a  series 
of  both  species  up  to  5cm.  in  length. 

Pamell,  in  his  account  of  the  Brassy  (Morrhua  lusca)y  mentions  that 
the  scales  are  very  deciduous.  It  is  characterised  by  a  dusky  spot  at  the 
base  of  each  pectoral,  by  the  first  anal  fin  'commencing  under  the  middle 
of  the  first  dorsal.  He  had  examined  Morrhua  lusca  up  to  a  size  of  17 
inches  (42cm.).  Parnell  says  that  this  fish  resembles  Morrhua  minute^ 
but  the  latter  has  a  shorter  anal  fin  than  Morrhua  lusca.  This  author 
does  not  record  Morrhu^a  minuta  from  the  Firth  of  Forth.  The  fin- 
formula  of  a  Morrhua  lusca,  measuring  16  inches  (40cm.)  in  length,  he 
gives  as  foUows:— 1  D,  13  ;  2  D,  24  ;  3  D,  17  ;  1  A,  31 ;  2  A,  18 ;  P, 
15;  V,  6.  In  the  case  of  the  third  dorsal  he  obtained  a  number  (17) 
which  is  less  than  the  smallest  number  found  in  any  of  the  specimens 
examined  in  the  present  research,  viz.,  1 8  rays. 

Gadut  esmarkii. 

This  form,  which  was  first  recorded  for  Scottish  waters  by  Giinther, 
was  obtained  by  Sir  John  Murray  in  the  Clyde  and  certain  lochs  on  the 
West  Coast  of  Scotland. 

The  distinctive  characters  selected  by  Giinther  are  the  following : — 

The  lower  jaw  projects  beyond  the  upper. 
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The  teeth  of  the  outer  series  in  the  upper  jaw  are  a  little  larger  than 
the  inner  ones. 

The  snout  is  almost  equal  to  the.  length  of  the  diameter  of  the  eye. 
[This  character  is  preferably  expressed  as  follows : — The  diameter  of  the 
eye  is  equal  to  or  exceeds  the  length  of  the  snout.] 

The  eye  is  very  large,  being  a  little  less  than  one-third  of  the  length  of 
the  head. 

The  barbel  is  slender,  being  about  half  as  long  as  the  eye. 

The  fin-formuhe  were— 1  D,  15- 16  ;  2D,  23-25  ;  3  D,  22-25  ;  1  A, 
27-  29  ;   2  A,  23-25. 

In  the  "  Scandinavian  Fishes  "  the  fin-formulas  are  given  as  follows : — 
1  D,  14-16 ;  2D,  22-26  ;  3  D,  22-27  ;  1  A,  26-30 ;  2  A,  24-38. 
Pect.,  19.     Ventr.,  6.     Vertebras,  52. 

Attention  is  called  in  the  latter  work  to  the  lateral  line  which  is  "  dark 
(though  not  very  distinct)  and  anteriorly  slightiy  curved.'' 

The  numbers  of  fin-rays  and  vertebras  found  in  the  esmarkii  examined 
for  the  purpose  of  this  research  are  set  out  in  Table  III.,  p.  145. 

Giinther'drew  attention  to  the  cysts  that  are  found  in  the  eye  of 
esmarkii.  They  are  arranged  in  the  iris,  may  be  few  in  number,  or  they 
may  occupy  almost  the  whole  of  the  iris,  in  this  way  appearing  as  a  ring 
of  white  balls.     These  cysts  occur  in  miniUus  also. 

In  1893  Professor  M'Intosh  described  a  "peculiar  Poor  Cod"  which 
is,  he  informs  me,  a  Oadus  efmarkii.  Professor  M'Intosh  has  kindly 
permitted  me  to  have  a  drawing  made  of  this  specimen,  and  it  is 
reproduced  in  pi.  ix. 

Since  then  Dr.  Fulton  has  obtained  it  in  large  numbers.  Schmidt  has 
described  in  detail  the  post-larval  and  young  stages  of  G,  eamarkii  up  to 
a  length  of  5'4cm.  He  remarks  that  in  an  example  of  19mm.  the  eyes 
are  but  relatively  small,  their  diameter  being  of  the  same  size  or  but  little 
larger  than  the  distance  from  their  anterior  margin  to  the  end  of  the 
snout. 


A  Specific  Description, 

For  the  purpose  of  determining  the  specific  description  a  large  number 
of  measurements  was  made  on  specimens  of  each  species.  These  show 
that  external  measurements  made  on  a  single  fish  may  be  of  little  value 
from  the  point  of  view  of  specific  diagnosis,  since  the  variation  of  each 
character  is  large,  and,  so  far  as  is  apparent,  independent  of,  or  at  least 
not  necessarily  correlated  with,  any  other  contiguous  character.  The 
amount  of  variation  which  may  occur  in  the  characters,  while  the  general 
specific  identity  is  retained,  is  large.  Specific  identity  means  identity  of 
function.  The  specific  characters  mean  a  difi^rence  in  the  life  and  habits 
of  the  animal  which  we  may  not  be  able  at  present  to  estimate.  The 
correlation  between  the  specific  characters  and  the  life  of  the  fish  is  a 
field  hitherto  practically  unexplored.  Thus  there  are  perplexing  simi- 
larities and  differences  between  fishes.  The  former  mean  that  the  fishes 
perform  similar  functions,  but  at  the  same  time  in  certain  other  functions 
they  occupy  different  spheres  in  the  economy  of  the  sea. 

In  working  out  the  specific  characters  it  is  well  to  consider  the  points 
in  which  the  species  agree,  in  order  that  these  may  form  part  of  the 
generic  or  sub-generic  description.  The  object  of  the  specific  description 
if  to  enable  an  observer  to  diagnose  a  single  fish,  and  for  that  purpose  a 
chart  is  required. 

The  Genus  may  be  divided  into  certain  sub-genera.  The  species  may 
be  arranged  into  two  or  more  groups,  each  characterised  by  some  common 
character.     The  species  in  each  sub-genus  may  then  be  distinguished 
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from  one  another.  Each  species  might  appear  in  several  sub-genera. 
For  example,  the  members  of  the  cod  family  discussed  in  the  previous 
paper  and  in  this,  include  G.  caJlarias,  O,  virens,  G,  pollachius^ 
G.  Itiscus,  G.  minuftis,  and  G.  eaniarkii.  Now,  these  may  be  divided 
into  two  groups,  as  follows : — (a)  Group  of  large  fish,  caliarias,  virerm^ 
and  poilackiw,  (b)  group  of  small  fish.  Thus,  if  the  fish  is  over  17 
inches  in  length  it  ^vill  probably  belong  to  the  first  group,  if  less  than 
that  it  may  belong  to  either  group.  • 

Nothing  should  appear  in  a  specific  description  except  what  can  be 
readily  gauged  without  the  aid  of  any  accurate  measurements.  A 
measurement  shown  as  a  percentage  of  the  length  is  a  poor  guide  except 
when  its  fullest  range  of  variation  is  taken,  for  its  value.  The  average  is 
of  no  value  by  itself,  i.e.,  as  a  specific  character.  It  may  be  used  to  show 
broad  relationships. 

Even  in  the  case  where  two  species  are  so  distinct  that  a  glance  is 
sufificient  to  separate  them,  still  it  is  often  very  difi^cult  to  get  readily 
gauged  characters  sufficient  to  describe  the  species.  The  attempt  is  made 
to  describe  a  solid  by  means  of  a  few  characters,  which  are  uaually  mere 
distances. 

Th£  Diagnom  of  a  Species, 

The  simplest  mode  of  dicignosing  a  species  is  by  means  of  a  key  of  the 
genus.  Accompanying  the  key  there  should  be  a  particular  description  of 
the  general  appearance  of  each  species.  The  key  should  be  full,  so  that 
the  species  may  be  determined  by  different  routes.  There  is  hardly  a 
single  character  which  can  be  absolutely  depended  on.  The  specimen 
which  it  is  desired  to  diagnose  may  be  affected  in  such  a  way  as  to  render 
a  character,  even  an  important  one,  doubtful.  For  example,  a  G,  esmarkii 
may  be  found  in  which  the  mouth  is  fixed  wide  open,  the  hyoid  and 
b'*anchiostegal  apparatus  having  become  rigid.  In  such  a  specimen  it 
could  not  be  determined  whether  the  lower  jaw  projected  in  front  of  the 
upper  or  not,  and  in  this  way  a  very  valuable  character  becomes  unavail- 
able. In  another  case  a  G,  viimitus  has  been  observed  in  which  the 
lower  jaw  projected  out  in  line  with  the  upper  jaw,  if  it  did  not  actually 
pass  it  slightly.  The  sum  or  resultant  of  the  characters  has  therefore  to 
be  relied  upon  for  the  sure  diagnosis. 

General  Appearance  of  the  Three  Sjjecies. 
LuseuSf  fig.  2,  pi.  viii. ;  Mimdus,  fig.  1,  ib.;  E9marki%  pi.  ix. 

Tliey  are  all  three  small  fishes.  The  laigest  size  of  lusctis  and  min\Uv>8 
appears  to  be  17  inches  (42cm.),  and  Fulton  gives  10  inches  as  the  length 
of  the  largest  esmarkii  recorded  so  far. 

Luaeus  and  minutva  are  deep  fishes.  While  luscus  is  the  deeper  of  the 
two,  still  considerable  variation  exists  in  minutus  in  this  character.  In 
one  catch  of  minutus  obtained  in  February  it  was  possible  to  divide  the 
fishes  into  two  groups,  in  one  of  which  the  members  were  distinctly 
deeper  than  those  in  the  other  group.  The  deep  group  consisted  of  15 
females  measuring  from  21cm.  to  24cm.,  while  the  narrower  specimens 
numbered  42.  Of  the  latter,  7  were  males  measuring  from  17*5cm. 
to  22cm.,  and  the  remainder,  35  females,  measured  from  20cm.  to  25cm. 
in  length.  All  the  fishes  had  well-developed  reproductive  organs,  and  the 
only  difference  appeared  to  be  that  in  the  deeper  fish  the  ovaries  were 
rather  larger  than  in  the  other  lot.  In  a  deep  fish  variations  in  depth  are 
readily  noticed.  Where  the  character  is  large  the  variations  are  compara- 
tively lai^e.     Esmarkii  is  a  more  slender  fish  than  the  preceding. 
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Colourt  and  Scales, — The  three  species  have  silvery  snouts,  cheeks,  and 
shoulders. 

Minuius  has  large  silvery  scales  that  are  very  easily  rubbed  off.  The 
exposed  part  of  the  scale  is  covered  with  dark  dots  on  a  ground  of  silver. 
The  overlapped  part  of  the  scale  is  colourless.  The  scales  of  the  dorsum 
above  the  lateral  line  have  a  golden-yellow  ground  dotted  with  black. 
The  golden-yellow  colour  is  also  seen  on  the  silvery  scales  on  the  side. 

The  scales  of  luscus  are  smaller  than  those  of  minutus;  they  also  are 
very  deciduous.  On  the  scale  from  the  side  of  luscus  there  is  a  broad 
edging  of  black  dots.  Beneath  the  scales  the  skin  is  thin  and  somewhat 
iridescent.  When  wet  the  skin  of  Itucus  has  a  slight  golden  sheen,  but 
when  dried  the  black-dotted  scales  give  it  a  dirty  black  appearance.  In 
large  specimens  preserved  in  formaline  the  appearance  l&  silvery,  but 
the  skin  has  generally  a  blackish  aspect. 

When  preserved,  minutus  remains  of  a  brownish-yellow  colour,  that  is 
when  the  silvery  scales  are  rubbed  off,  as  usually  happens.  Where  they 
remain  attached  the  skin  becomes  of  a  dark  appearance.  The  skin  is  of  a 
rougher  texture  than  that  of  luscus.     It  is  slightly  pinkish  on  the  dorsum. 

In  both  species  the  belly  is  silvery.  Esmarkii  also  is  silvery  on  the 
sides. 

The  Axillary  Mark, — In  luscus  the  axillary  mark  is  a  large  blue-black 
patch  covering  the  sides  of  the  axilla,  and  extending  out  on  the  clavicle 
and  over  the  base  of  the  pectoral  fin.  In  minuius  it  is  a  small  dark  area 
on  the  axilla  and  the  base  of  the  first  pectoral  fin-ray.  It  does  not 
extend  on  to  the  clavicle  much.  In  esmarkii  there  is  a  very  similar 
axillary  mark  to  minvius :  it  is  a  collection  of  small  black  dots  which 
spread  over  the  base  of  the  pectoral  fin. 

T?ie  Peritoneum  in  esmarkii  is  black,  and  iu  preserved  specimens  the 
black  layer  shines  through  the  thin  abdominal  wall. 

T?ie  Fins, — The  anal  fins  of  luscus  are  blue-black ;  those  of  minuius 
yellow  and  black  spotted.  The  first  anal  of  minutus  is  sometimes  very 
dark. 

Most  of  the  unpaired  fins  of  esmarkii  have  a  black  border.  Thus  the 
anterior  border  of  the  first  dorsal  is  black,  while  the  superior  and  hind 
borders  of  the  second  and  third  dorsal  fins  are  likewise  black.  The  black 
parts  of  the  second  anal  and  caudal  fins  are  the  hind  border  and  the  hind 
half  of  the  fin  respectively.  There  are  black  spots  along  the  bases  of  the 
fins,  and  also  on  the  anterior  border  of  the  first  anal.  The  anal  fins  of 
preserved  specimens  are  without  pigment,  except  on  the  anterior  part  of 
both  fins,  where  a  small  area  is  covered  with  small  dots.  This  character 
is  more  prominent  in  the  larger  specimens.  The  caudal  fin  is  more  or 
less  all  black. 

The  second  and  third  dorsals  are  separate  in  minuius  and  in  esmarkii^ 
and  are  usually  separate  in  luscus.  In  one  specimen  of  luscus^  however,  a 
male  measuring  16'8cm.  in  length,  the  second  and  third  dorsals  were  united. 

The  first  and  second  anals  are  separate  in  minutus  and  esmarkii^  but 
are  united  in  luscus.  There  is  a  thick  integument  on  the  unpaired  fins  in 
luscus  and  minuius.  In  the  former  the  first  anal  is  a  thick  flabby  fin,  the 
integument  being  soft  and  loose.  This  fin  is  often  inflated  with  a  gas, 
which  can  be  pressed  out  at  the  edge. 

There  is  a  characteristic  difference  between  luscus  and  minutus  in  the 
shape  of  the  third  dorsal  and  second  anal  fins,  as  will  be  seen  by  reference 
to  Plate  YIII.  The  hind  edges  of  these  fins  in  luscus  are  cut  straight 
across,  at  right  angles  to  the  longitudinal  axis  of  the  fish.  In  minuius 
the  hind  edges  slope  away  posteriorly.  In  esmarkii  the  slope  is  more 
pionouneed  and  longer  than  in  minuius  (pi.  ix.). 
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The  Caudal  Fin  of  luscua  has  its  hind  margin  slightly  concaTe,  that 
of  minutuB  is  distinctly  concave,  and  in  esmarkii  the  hind  margin  is 
deeply  cleft. 

The  ventral  fin  ends  in  a  filamentous  tip  in  all  three  species. 

The  Mandible  projects  a  little  in  front  of  the  upper  jaw  in  eemarkii ; 
in  minutus  and  luacus  the  upper  jaw  projects  in  front  of  the  lower. 

The  side  and  tip  of  the  lower  jaw  are  dark  coloured  in  esmarkii.  The 
under-surface  of  the  dentary  part  of  the  lower  jaw  is  white  in  luseus;  pale, 
colourless  in  minutus.  In  consequence,  the  sensory  pits  on  the  under- 
surface  of  the  dentary  show  up  well  in  luseus  and  are  faint  in  mintUus, 

The  Barbel  is  long  and  stoat  in  Itisctts  and  minutus.  In  esmarkii  it  is 
thin  and  short,  not  being  longer  than  half  the  diameter  of  the  eye.  In 
the  last  species  the  barbel  often  lies  back  along  the  under  surface  of  the 
lower  jaw  in  the  hollow  between  the  two  dentaries.  The  barbel  is  not 
so  short  in  esmarkii  as  it  is  in  Gudus  virens,  in  which  species  it  is  very 
inconspicuous. 

The  Lateral  Line  is  curved  over  the  abdomen  in  all  three  species.  In 
luseus  and  esmarkii  the  line  is  dark  and  more  prominent  than  in  minutus. 
The  bend  rises  from  the  bind  straight  portion  more  abruptly  in  luseus 'y  in 
minutus  and  esmarkii  the  rise  is  more  gradual. 

The  Anus  is  beneath  the  beginning  of  the  first  dorsal  fin  in  luseus^  and 
beneath  the  second  half  of  the  corresponding  fin  in  minutus  and  esmarkii. 

The  Eye  in  the  three  species  here  discussed  is  specially  large.  In 
luseus  it  is  slightly  smaller  than  in  minutus  and  esmarkii.  The  diameter 
of  the  eye  is  equal  to  or  greater  than  the  length  of  the  snout,  i.e.,  the 
distance  from  the  tip  of  the.  upper  jaw  to  the  anterior  edig'Q  of  the  orbit. 
They  all  exhibit  at  times  the  loose  cornea  which  is  sometimes  inflated 
with  gas  or  fluid,  giving  the  eye  the  well-known  bulged  appearance. 
Sometimes  cysts  are  found  on  the  front  of  the  eyeball  in  the  region  of 
the  iris. 

Two  of  the  larger  esmarkii^  measuring  18 '5cm.  and  1 9cm.  in  length, 
had  eyes  which  appeared  to  be  larger  in  proportion  than  the  smaller  fishes. 
The  eyes  measured  in  horizontal  diameter  7*3  and  7*8  per  cent,  of  the 
total  length  of  the  fish  respectively.  Four  others  measuring  19cm.,  and 
one  of  21cm.,  had  eyes  measuring  7  per  cent,  of  the  total  length  of 
the  fish.  The  small  diflerence  in  diameter  will,  of  course,  entail  a  con- 
siderable difference  in  the  area  of  the  eye,  and  it  is  by  the  area,  not  the 
diameter,  that  the  eye  of  the  observer  makes  the  comparison.  Any 
variation  towards  an  increase  in  the  size  of  an  already  specially  large 
character  will  of  necessity  attract  attention. 

The  barbel  in  hiscus  is  rather  bigger  and  stouter  than  that  of  minut^jbs. 
In  five  specimens  of  the  latter  the  barbel  measured  two-thirds  or  a  little 
more  than  the  horizontal  diameter  of  the  orbit. 

In  the  key  are  introduced  the  following  Gadid  species — O,  callariasy 
G,  virenSy  O.  pollachiuSy  O,  luseus^  O,  minutus^  and  G'  esmarkii. 


KEY. 

I.  LowEB  Jaw  (Length  of )— 

a.  projects  in  tront  of  Upper  Jaw,    .  .     virtna ;  poUachUis  ;  esmarkii, 

b.  of  same  length  as         ,,        ,,       .  virens  (younff) ;  minutus  (sometimes). 

c.  shorter  than  ,,        ,,  .       ccMaricta ;  luseus ;  minutus, 

II.  Anus  (Position  of)— 

a.  below  the  beginning  of  the  First  Dorsal  Fin,  .     luseus, 

b.  ,.       ,f    first  half    ,,     ,,      ,,         ,,         ,,         .      poUachiua ;  minuiiu, 

c.  ,,       .,    second ,,    ,,     „      ,,  ,,        ,,      minutus;  virens;  esmarkii. 

d.  J,       „   first  half    ,,     ,,  Second    »>        >i         •  caUarias. 
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in.  Lateral  Line — 

a.  curved,  dark,  ,  poUaehitis ;  miniUus ;  luscus ;  esmarkii, 

b.  „      posterior  part  white,        ....  callariaa. 

c.  straight,  white,      .......     vtreiw. 

IV.  Tail  Fin  (Hind  EdTO)— 

a.  straight  or  slightly  convex,  callaricu  (Urge). 

6.   very  slightly  concave,       .  callarias  (small) ;  luBCUS, 

c.  slightly  concave,    .......  mmtUns, 

d.  distinctly  forked,  .....     poliachius;  etmarkii. 

e.  deeply  cleft,  .......     virens. 

V.  Snout  (The  part  from  tip  of  upper  jaw  to  anterior  edge  of  the  orbit) — 

a.  sharp,  .....    virena ;  poUachiua ;  esmarkii. 

h,  blunt,  .....       callariaM ;  luacua ;  mintUiui. 

VL  Etb  (horizontal  diameter  of  the  orbit) — 

a.  as  large  as,  or  larger  than,  the  snout,  hiscus  ;  minutua  ;  esmarkii 

b.  not  so  large  as  the  length  of  the  snout,   .    callarias ;  virens  ;  poilachius. 

Vn.  Babbel — 

a,  absent,        .......  poUachius, 

b,  very  minute,  .......     virens, 

c,  small,  slender,  about  half  the  diameter  of  the  eye,         .  esmarkii, 
(L  big,  stout,  .....       callarias ;  hiscus :  minulus, 

Vni.  Anal  Fins— 

a.  united,        ........     Irueus, 

6.  separate,     .  ccUlarias ;  virens ;  poUachius  ;  mimUus ;  esmarkii, 

IX.  Ventral  Fin*  (length  of) — 

a,  less  than  two-tnirds  of  the  length  of  the  Pectoral  Fin,  virens;  poliachius, 

b,  about  five-sixths  of  the  length  of  Pectoral,  callarias, 

c,  almost  as  long  as  the  Pectoral,     .  luscus ;  minutus ;  esmarkii, 

X.  Second  and  Third  Dobaal  Fins— 

a,  united,        ......       sometimes  in  luscus, 

b,  separate,     .     callaricu;  virens;  poliachius ;  lusctts;  minutus;  esmarkii, 

XI.  OiRTn  at  Pectoral  Region — 

a.  greater  than  the  fl;irth  at  Anus,    ....  callarias, 

b,  lem  than  the  girth  at  the  Anus,   .    virens  ;  poliachius  ;  luscus  ;  minutus  ; 

esmarkii, 

XII.  Scales — very  deciduous,         ....  luscus ;  minutus, 

Xni.  Length — 

a.  not  exceeding  10  inches  (25  cm.), .     callarias;  virens; poliachius;  lusctts; 

minutus;  esmarkii. 

b.  not  exceeding  17  inches  (42  cm.), .  .  calktrias;  virens;  poliachius; 

luscus;  minutus. 

c.  exceeding  17  inches  (42  cm.),        .  .    caflarias  ;  virens  ;  poliachius. 


LITERATURE. 


Cunningham. — ''Marketable  Marine  Fishes."  London,  1896.  [Short  descrip- 
tions of  O,  luscus  and  G.  minutus.  ] 

Day.—'*  The  Fishes  of  Great  Britain  and  Ireland."    London,  1880-1884. 

Fulton. — '*  The  Spawning  and  Spawning  Places  of  Marine  Food-Fishes."  Eighth 
Annual  Report  oj  the  Fishery  Board  for  Scotland^  for  the  year  1880. 
[Spawning  of  O.  luscus.  ] 

"  On  the  Comparative  Fecundity  of  Sea-Fishes."    Ninth  Annual  Report  oj 

the  Fishery  Board  for  Scotland,  for  the  year  1890,  p.  243.      [Eggs  of  O, 
luscus.] 

"  Ichthyoloffioal  Notes — Oadus  esmarkii."    Nineteenth  Annual  Report  of 

the  Fishery  Board  for  Scotland,  for  the  year  1902,  Pt.  IIL,  p.  282.     [Distri- 
bution  of  O.  esmarkii.] 

*  The  ilender  tip  of  the  ventral  fln  in*y  be  broken  eomethnee. 


i>    i 
■  1    I 


I      ' 


!i 


140 


Fwri  III. — Twenty-fourth  Annual  Report 


Fulton.— "Ichthyological  Notes— (?(uit«  e^markii,"  TtcetUieth  AnnucU  RepoH 
of  the  Fishery  Board/or  ScoUaiid,  for  the  year  1901,  Pt.  III.,  p.  539. 

**The   Rate    of    Growth    of    Fishes- (7arfi«    tumarkiiy      Tioetity-wcond 

Annual  Report  of  the  Fishery  Board  far  Scotland^  for  the  year  1903,  p  195. 
[Rate  of  Growth  and  Distribution.  ] 

GuNTHER.— "Catalogue  of  Fishes  in  the  British  Museum." 

**  Report  on  the  Fishes  obtained  by  Mr.  J.  Murray  in  Deep  Water  on  the 

North-West  Coast  of  Scotland,  between  April  1887  and  March  1888." 
Proceedings  Roy.  Soc,  Edinhnrghy  vol.  xv.,  p.  205.  1889.  [Specific 
Description  of  Oadiis  esmarkii.] 

Hbinckk  u.  Ehr£NBAum.— '*  VAer  und  Larven  von  Fischen  der  deutschen  Bucht." 
II.  '*Die  Bestimmung  der  Schwimnicnden  Fischeier  und  die  Methodik 
der  Eimesaungen."  Wissen.  Untenruch,  von  der  Komm.  wiasen-  UntersucK 
der  deutschen  Meere  in  Kiel  u.  Biol.  Anstult  ai{f  Helgoland.  N.F.  3er  Bd. 
Abtheil.  Helgoland.  Hft.  2.  1900.  Pp.  131  e^  seq.  [Eggs  and  Spawning 
of  O.  luscus.] 

Holt. — Royal  Dublin  Society.     Report  of  Council  for  1891.    [Oadus  esmarkii,] 

M*Intosh.— "  Report  of  the  St.  Andrews  Marine  Laboratory,  No.  III."  Fourth 
Annual  Report  of  the  Fishery  Board  for  Scotlandy  for  the  year  1885,  p.  201. 
[Oadus  luscus  and  Oadus  minuttts.] 

"Contributions  to  the  Life -Hi  stories  and  l>evelopment  of  the  Food-  and 

other  Fishes."  Eleventh  AnnucU  Report  of  the  Fishery  Board  for  Scotland, 
for  the  year  1892.  Part  III.  [Eggs  of  Oadus  minutus:  On  a  peculiar 
*•  Poor  Cod "  {O.  esmarkii.] 

M*Intosh  and  Masterman.— "The  Life-Histories  of  the  British  Marine  Food- 
Fishes."  London,  1897.  [Eggs,  larvse,  and  post-larval  stages  of  O.  luscua 
and  O,  minutus.] 

MdBius  u.  Hkinokk.— "  Die  Fische  der  Ostsee."  Berlin,  1883.  [Specific 
Description  of  O.  minutus.] 

Pabnell.— "  Fishes  of  the  Firth  of  Forth."  Edinburgh,  1838.  [Description  of 
Morrhua  lusca.] 

"Scandinavian-  Fishes."  (By  Fries,  Ekstrora,  Sundevall,  Wright,  and  Smitt.) 
Stockholm,  1893. 

Schmidt.— "The  Pelaffic  Post-larval  Stages  of  the  Atlantic  Species  of  Oadus'' 
3  Plates  and  16  Figures  in  the  Text.  Pt.  I.  Meddelelser  fra  Kommissionen 
for  Havunders6gelser.  Serie,  Fiskeri.  Bind  I.  No  4.  Copenhagen,  1905. 
[Post-larval  stages  of  O.  luscus^  O.  minutus y  and  O,  esmarkii^  with  figures.] 

Williamson.— "On  the  Pelagic  Fish-Eggs  and  Larvae  of  Loch  Fyne."  Seven- 
teenth AnntuU  Report  of  the  Fishery  Board  for  Scotland,  for  the  year  1898. 
Pt.  III.,  p.  79.     [Occurrence  of  the  eggs  of  O.  luscus  and  O.  minutus.] 

"A  Comparison  between  the  Cod  {Oadus  callariaSy  Linn.),  the  Saithe 

(Oadus  virens,  Linn.),  ond  the  Lythe  {Oadus  pollachiusy  Linn.),  in  respect 
to  certain  external  and  osteological  characters."  Tioentieth  Annual  Report 
oj  the  Fishery  Board  for  Scotland^  for  the  year  1901.     Pt.  III.,  p.  228. 

Yabrell.— "  A  History  of  the  British  Fishes."  London,  1861.  [Descriptions  of 
Oadus  luscus  and  O.  minutus.] 


EXPLANATION  OF  PLATES. 
PLATE  VIII. 


Fig.     1.  Oadus  minutus,  27  cm.  long.     $,  large  ovary.     Reduced. 
Fig.     2.  Oadus  luscus,  28  cm.     ^,  nearly  ripe.     Reduced. 

PLATE  IX. 
Oadus  esmarkii.     Nat.  size. 

PLATE  X. 

3.  Skull  of  O.  luscusy  ?,  28  7  cm., 
*•         »»  »»  »»         i» 

"•         •»  i»  »»         »> 

6.         ,,       O.  minutusy  25  cm., 

7*        ,,  ,,  26  cm., 

8.        ,,  ,,  25  cm.. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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Fig.  9.  Skiill  of  O.  esmarkii. 

Fig.  10.        „ 

Fig.  11.        „       O.  mintUtis,  26  cm., 

Fig.  12.        ,j       O,  luscus,2S  om.f 

Fig.  13.        „       O,  egmarkii, 

Fig.  14.        „ 
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LETTERS  USED. 


Ana  — Angle. 

&.  Oc. — Basi-occipitAl, 

£.— Ethmoid. 

e.  Oc. — Ez-ocoipitol. 

/'.—Frontal. 

Oc,  Sp. — Occipital  Spine. 

op,  0, — Opisthotio. 

P.— ParieUl. 


P,  pr, — Process  of  Parietal. 
par.  Oc, — Par-occipital. 
p,  S. — Parasphenoid. 
pr,  i^.- -Pre-frontal. 
pt.  F. — Poet-frontal. 
Sq. — Squamoeal. 
V.  — Vomer. 
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Part  III, — Twenty-fourth  Annual  Report 


Table  I. — Gadus  Luscusn 

Numbei'  of  Verttbrce^  Ifwrnber  of  Vertebra  l>eai'ing  Uie  First  Hcemal  Arch, 

and  Number  of  Fin-rays. 


1 

VBRTBBRJi:. 

] 

Pin-rats, 

Length.  1 

!    8€X. 

Cm. 

1 

Total 
Number. 

Vertebra 
bearing  first 
Hsemal  Arch. 

ID. 

2D. 

3D. 

1  A. 

2  A. 

16-8 

6 

1 
49 

16 

14 

26 

22 

85 

22 

21-5 

6 

48 

16 

18 

24 

20 

35 

22 

24-5          6 

48 

16 

12 

22 

20 

81 

20 

25            6 

48 

1 

16 

15 

22 

19 

32 

21 

26-2   ;    6 

49 

17 

15 

22 

19 

33 

21 

26-4     ;     6 

48 

16 

18 

28 

19 

32 

21 

26-6   :    6 

49 

16 

14 

24 

20 

36 

22 

27-4  :  d 

48 

16 

14 

24 

19 

34 

22 

27-8 

49 

16 

13 

21 

18 

82 

18 

28-7     !     ? 

48 

16 

13 

22 

21 

34 

22 

30-4   ;    J 

49 

16 

18 

23 

18 

33 

21 

82-7          5 

49 

16 

13 

24 

21 

35 

21 

40            5 

1 

48 

16 

14 

25 

19 

36 

22 

AT«nicr,     • 

48-4 

1« 

13*5 

S3-3 

lf« 

33-7 

91 

VarUnts, 

13 

13 

13 

13 

18 

18 

18 

*  Sex  not  recorded. 
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Table  II. — Gadtis  Minutua. 

Number  of  Vertebroiy  Number  oj  Vertebra  benring  the  First  Hcemal  Arch 

and  Ntimber  of  Fin-rays. 


VKHTEBRi*:. 

KlN-KATS 

• 

LettKtli. 

Sex. 

1  D. 

2D. 

31). 

1  A. 

2  A. 

ToUl 
Number. 

Vertebra 
bearing  tir^t 
Heeuial  Areb. 

11 

$ 

49 

■    •  a 

13 

24 

20 

27 

20 

11-3 

2 

W) 

' 

13 

23 

21 

28 

28 

11-4 

2 

f.O 

13 

24 

23 

28 

23 

14 

$ 

49 

18 

23 

29 

21 

146 

2 

m 

14 

22 

21 

26 

22 

l«-6 

9 

49 

12 

24 

22 

27 

21 

17-2 

? 

49 

16 

11 

28 

23 

27 

22 

17-3 

6 

49 

16 

18 

22 

20 

•  ■  • 

21 

17-8 

6 

49 

16 

13 

26 

21 

30 

23 

18 

2 

50 

17 

■  •  • 

•  >  • 

•  ■  ■ 

18-2 

6 

48 

16 

•  • « 

•  •  • 

•  •  • 

18-2 

d 

aO 

16 

... 

■  •  • 

... 

18-6 

2 

49 

17 

14 

24 

23 

29 

22 

19-4 

1 

d 

50 

16 

18 

2:$ 

21 

29 

28 

1    19-6 

2 

49 

16 

1-2 

24 

20 

28 

22 

19-7 

... 

... 

1-2 

22 

21 

28 

22 

iO 

2 

48 

16 

•  •  ■ 

•  ■  • 

•  •  • 

20 

2 

•  ■  ■ 

13 

23 

21 

28 

21 

20f. 

2 

48 

16 

13 

20 

22 

29 

22 

21 

d 

51 

16 

12 

24 

21 

2tt 

21 

21 

<S 

50 

17 

14 

•  •  ■ 

21 

28 

23 

21 

2 

49 

16 

•  •  • 

... 

21-2 

2 

49 

16 

12 

22 

21 

28 

22 

21-8 

2 

49 

16 

12 

22 

21 

29 

22 

21-4 

<S 

51 

16 

14 

21 

22 

•  •  • 

22 

21-6 

6 

49 

15 

13 

23 

19 

28 

21 

21-6 

2 

50 

16 

■  ■  • 

... 

*  •  ■ 

■  •  • 

•  •  • 

21-7 

2 

50 

16 

*  ■  ■ 

•  •  • 

•  ■  • 

■  ■  ■ 

•  •  • 

21-7 

d 

60 

13 

20 

21 

27 

28 

21-8 

2 

49 

16 

12 

24 

23 

29 

28 

21-8 

2 

49 

16 

13 

22 

22 

•27 

23 
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Tablb  ll,-^orUinued. 

1 

■ 

Length. 
Cm. 

Sex. 

Vbrtebrjs. 

FlIT.RAYS. 

Total 
Number. 

Vertebra 
bearing  first 
HftmalArch. 

ID. 

2D. 

3D. 

1  A. 

2  A. 

22 

? 

•  •  • 

■  •  ■ 

12 

22 

■  •  • 

•••       1 

22 

$ 

50 

.  16 

12 

26 

22 

29 

24 

22 

? 

48 

16 

•  ■  • 

•  ■  • 

•  ■  • 

•  •  ■ 

•  •  ■ 

22 

? 

61 

17 

•  ■  • 

•  •  • 

• » ■ 

■  •  • 

>  ■  • 

22 

? 

49 

16 

13 

23 

23 

29 

22 

22-2 

? 

50 

16 

•  ■  • 

21 

21 

27 

22 

22-2 

? 

50 

16 

*  ■  • 

■  •  * 

•  •  • 

•  •  • 

•  •  • 

22-4 

S 

50 

17 

12 

25 

21 

28 

22 

22*4 

$ 

50 

16 

■  •  ■ 

... 

• « • 

... 

•  ■  • 

22-5 

? 

49 

15 

•  •  • 

•  •  • 

■  • « 

... 

... 

22-6 

9. 

49 

16 

12 

24 

23 

•  ■  • 

24 

23 

9. 

48 

15 

12 

22 

22 

27 

23 

23 

2 

49 

16 

14 

21 

22 

■  •  ■ 

23 

23 

$ 

50 

•  ■  • 

•  •  ■ 

•  •  • 

•  •  • 

... 

... 

28 

$ 

50 

16 

12 

21 

21 

29 

22 

23-3 

? 

50 

16 

15 

23 

21 

29 

23 

23  8 

? 

49 

15 

•  •  ■ 

•  •  • 

•  •  ■ 

•  ■  • 

•  •  • 

24 

? 

49 

16 

13 

23 

22 

29 

21 

24-2 

$ 

49 

16 

•  •  * 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

24  4 

2 

49 

16 

13 

21 

23 

27 

22 

24-8 

2 

50 

18 

13 

24 

20 

28 

21 

25-3 

2 

50 

•  ■  • 

13 

24 

22 

31 

24 

25-4 

•  •  ■ 

49 

16 

12 

26 

20 

29 

23 

26-4 

$ 

49 

17 

13 

24 

21 

30 

23 

ATemcr, 

4f4 

1« 

i»T 

««•• 

91*4 

98*9 

«»•» 

Variants, 

52 

43 

39 

39 

38 

35 

39 
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Tablb  III.— ^o^w  Emarkii, 
Number  of  Vei-tebrw  aiid  Fin-rays, 


Length. 

Sex. 

Vertebra 

Total 
Number. 

Fin-rats. 

•   Cm. 

ID. 

2D. 

■ 

3D. 

1  A. 

2  A. 

8-6 

9 

15 

24 

24 

29 

26 

9-6 

■  •  • 

... 

16 

24 

26 

29 

27 

10 

? 

... 

16 

24 

28 

29 

29 

10 

... 

... 

15 

26 

24 

29 

27 

10-6 

e 

53 

14 

25 

26 

27 

28 

10-6 

•  •  • 

... 

15 

2\ 

26 

30 

26 

10-8 

■  ■  ■ 

... 

15 

•27 

27 

29 

27 

11 

6 

... 

15 

25 

27 

29 

28 

11-3 

•  •  • 

•  • 

15 

25 

25 

27 

29 

11-3 

• .  • 

... 

15 

26 

?6 

80 

29 

11-3 

•  • » 

15 

•  •  • 

26 

29 

27 

116 

1   ••• 

16 

25 

26 

27 

28 

118 

6 

15 

25 

27 

29 

29 

11-8 

6 

15 

26 

25 

80 

27 

11-8 

? 

16 

26 

28 

30 

26 

11-8 

... 

14 

23 

24 

27 

28 

12 

« 

6 

15 

23 

23 

27 

26 

12 

6 

16 

27 

26 

30 

26 

12 

2 

16 

28 

27 

81 

27   ; 

12 

... 

14 

28 

26 

30 

27 

12 

d 

16 

22 

25 

28 

28 

1 

12 

2 

15 

22 

26 

27 

24 

12-2 

? 

14 

25 

26 

29 

26 

12-2 

•  •  ■ 

16 

26 

26 

32 

28    ; 

12-4 

$ 

16 

26 

27 

28 

1 

27   i 

12-8 

$ 

16 

22 

24 

26 

28 

12-8 

s 

54 

17 

24 

25 

31 

28 

18 

d 

54 

15 

28 

25 

31 

28 

185 

6 

58 

15 

26 

25 

30 

26 

18-8 

? 

... 

15 

26 

25 

80 

■  •  • 

18*8 

? 

53 

15 

24 

25 

28 

27 

14 

$ 

53 

15 

22 

26 

25 

28 

14  2 

2 

54 

16 

27 

27 

32 

28 
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Part  III, — Twenty-fourth  Annual  Report 


Table  IW^—coHtinued. 


[length. 
Cm. 

Sex. 

VXBTSBR.fi. 

ToUl 
Nnmbor. 

FIK-RAT8. 

1 
1 

1  1). 

2D. 

3D. 

1  A. 

2  A. 

14-8 

6 

54 

15 

'£> 

26 

30 

27 

14-3 

S 

55 

16 

23 

26 

80 

'26 

14-4 

? 

54 

15 

27 

27 

30 

28 

14'6 

? 

•  •  • 

15 

26 

27 

30 

29 

14-5 

•  •  • 

•  •  • 

14 

27 

27 

29 

29 

14-6 

6 

15 

26 

•  ■  • 

29 

•  •  • 

14 -ij 

6 

16 

24 

26  • 

28 

26 

14-6 

$ 

15 

27 

26 

80 

26 

14-7 

? 

53 

16 

25 

25 

29 

28 

14-7 

? 

... 

15 

25 

24 

29 

27 

14-7  • 

$ 

53 

17 

26 

29 

80 

28 

14-7 

$ 

58 

15 

24 

26 

27 

29 

147 

■  •  • 

54 

15 

24 

26 

29 

27 

14-8 

6 

•  •  • 

15 

25 

26 

28 

27 

14-8 

$ 

54 

14 

27 

25 

80 

25 

14*8 

$ 

52 

16 

28 

29 

28 

14-8 

2 

54 

15 

28 

27 

29 

28 

15 

6 

■  •  * 

16 

24 

27 

80 

27 

15 

? 

■  •  • 

16 

24 

25 

26 

26 

15-2 

S 

58 

16 

24 

28 

80 

28 

15-2 

$ 

•  •  • 

16 

26 

26 

80 

27 

15'2 

? 

55 

16 

26 

26 

80 

27 

15-3 

? 

54 

15 

29 

26 

29 

27 

15-4 

? 

54 

•  >  • 

•  •  • 

•  •  ■ 

■  • 

16-4 

$ 

... 

15 

26 

28 

80 

29 

15-4 

? 

53 

14 

28 

25 

28 

27 

15-6 

rf 

•  •  • 

16 

25 

26 

29 

28 

15-6 

? 

52 

15 

27 

27 

81 

27 

15-5 

$ 

53 

•  • « 

•  •  • 

... 

• "  • 

•  •  • 

15  5 

$ 

54 

15 

25 

27 

30 

28 

15-5 

2 

52 

14 

27 

24 

82 

... 

15-5 

? 

54 

18 

26 

26 

27 

29 

15-5 

9 

... 

16 

27 

28 

31 

29 

16-5 

? 

54 

14 

28 

25 

81 

27 
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Table  HI. — nmtintifd. 


Length. 
Cm. 

Sex. 

Vrrtbbra;. 

ToUl 
Number, 

Fin-rays. 

ID. 

2  D. 

3D. 

1  A. 

2  A. 

15-6 

2 

53 

16 

26 

27 

30 

28 

15-6 

$ 

53 

15 

27 

26 

30 

27 

16-6 

2 

53 

16 

25 

27 

29 

27 

15-8 

2 

53 

15 

24 

28 

28 

27 

157 

6 

53 

14 

21 

23 

27 

26 

15-7 

2 

•  •  • 

16 

26 

26 

29 

27 

167 

2 

• » • 

15 

25 

•  •  • 

30 

26 

16 

2 

53 

15 

25 

25 

29 

25 

16 

$ 

54 

15 

24 

26 

28 

25 

16 

$ 

•  •  • 

15 

•  •  • 

26 

28 

27 

16 

*  ■  • 

53 

15 

27 

26 

31 

26 

16-8 

$ 

54 

16 

25 

25 

27 

26 

16-3 

$ 

53 

17 

24 

25 

28 

26 

16-6 

? 

54 

16 

24 

26 

27 

29 

16-6 

$ 

•  •  • 

15 

26 

28 

SO 

28 

16-6 

$ 

53 

16 

25 

26 

28 

26 

167 

$ 

•  •  ■ 

•  •  • 

25 

27 

29 

26 

16-8 

$ 

53 

15 

25 

26 

27 

26 

17 

? 

53 

15 

26 

25 

SO 

26 

17 

$ 

54 

15 

25 

27 

27 

26 

17 

$ 

•  • 

15 

24 

28 

28 

28 

17-2 

rf 

54 

14 

24 

26 

30 

27 

17-3 

$ 

53 

16 

24 

28 

28 

27 

17-6 

? 

53 

15 

23 

•  •  • 

28 

30 

17-6 

$ 

■  •  • 

15 

27 

25 

29 

27 

17-8 

$ 

54 

15 

24 

26 

28 

24 

18-4 

$ 

.  •  • 

■  ■ « 

•  •  • 

28 

24 

28 

18*6 

$ 

52 

15 

25 

•  •  • 

•  •  ■ 

■  •  • 

21 

? 

54 

16 

25 

28 

30 

30 

... 

? 

54 

15 

26 

28 

29 

28 

AT«nme, 

• 

S3'4 

15-3 

95 

M 

(98't)  n 

WJi 

Variantu, 

- 

50 

93 

92 

91 

94 

91 

148 


Part  IIL —  Twenty-fourth  Annual  Report 


Table  IV. — Gadua  Esnwrkii. 


dumber  of  the  Vertebroi  bearing  the  first  Htetnal  Arch. 


Length. 
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Sex. 

Total  Number 
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Vertebra  bear- 
ing the  fir^t 
Ilsemal  Arch. 
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Table  VI. 


Variations  in  t^ie  N^umhei*  of  Vertebrin — Frequency  of  each  Number, 


Species. 

Number  of  Vertebrw. 

Number 
of 

Average 
Number 
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VI.— OX   THE  TAY   SPKAT   FISHERY, 

1905-1906. 

By  John  Fletcher,  University  College,  Dundee. 


I  regret  to  report  that  the  Tay  sprat  fishing  has  again  been  a  compara- 
tive failure.  Only  1371  crans  of  sprats,  including  young  herrings,  were 
taken  out  of  the  river  this  season,  as  against  1348  crans  during  last 
season  1904-1905,  and  14,966  crans  during  the  season  of  1883-1884. 

The  1371  crans  consisted  of  somewhere  about  28  million  sprats  and 
young  herrings,  of  which  some  57  per  cent.,  or  16  million,  were  sprats 
measuring  from  about  4*5  centimetres  to  14'5  centimetres  in  length,  and 
the  other  11  million,  or  42  per  cent.,  were  young  herrings  measuring  from 
4*3  centimetres  to  17*5  centimetres. 

The  bulk  of  the  fish  were  caught  during  the  first  half  of  November, 
and  at  that  time  the  sprats  were  of  large  size  and  of  first-class  quality, 
and  the  prospects  of  a  good  fishing  season,  which  were  afterwards 
completely  disappointed,  appeared  to  be  excellent.  The  large  size  of 
these  sprats  contrasted  greatly  with  the  much  smaller  and  younger  sprats 
of  last  season,  and  caused  a  striking  difference  in  the  relative  numbers 
of  fish  per  cran  during  the  two  seasons. 

Last  season  the  average  number  of  fish  per  cran  was  28^800,  and  this 
season  it  was  19,200  during  the  first  half  of  November,  and  24,000 
daring  the  rest  of  the  season. 

Most  of  the  fish  were  sent  off  fresh  to  the  various  English  markets;  a 
fair  proportion,  however,  were  salted  and  shipped  to  Germany  for  sardine 
purposes,  while  a  small  fraction  were  either  sold  for  manure  or  thrown 
into  the  river,  mostly  while  the  men  were  at  the  sparling  fishing. 

The  1371  crans  of  fresh  and  salted  fish  brought  to  the  fishermen  a  sum 
of  somewhere  about  w£350. 

During  January  and  February,  while  the  men  were  at  the  sparling 
fishing,  it  was  often  difficult  and  sometimes  impossible  to  obtain  accurate 
information  regarding  the  quantities  of  young  herrings  and  sprats  captured 
along  with  the  sparlings.  The  difficulty  was  mainly  due  to  the  great 
scarcity  of  fish,  and  to  the  fact  that  small  quantities  were  being  sent  off 
from  Newburgh  by  the  fishermen  themselves,  whilst  other  small  quanti- 
ties were  taken  to  the  Dundee  Fish  Dock,  situated  at  the  extreme  east 
end  of  the  city. 

I  ascertained,  however,  that  the  number  of  sprat  boats  engaged  at  the 
sparling  fishing  varied  from  1  to  20  during  the  latter  half  of  December 
and  the  ^^^rhole  of  January,  and  from  1  to  7  during  February.  Each  boat 
during  December  and  January  brought  in  along  with  the  sparlings  from 
1  bucket  to  2  crans  of  young  herrings  and  sprats  per  day,  while  during 
February  the  average  quantity  was  only  about  2  or  3  buckets  per  day. 

Unlike  last  season,  the  Broughty-Ferry  fishermen  and  the  sprat  fisher- 
men paid  no  heed  to  the  Board's  recommendation  of  January,  1904, 
namely: — that  both  fishermen  should  observe  a  line  of  division  drawn 
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between  Broughty-Ferry  and  Tayport.  On  several  occasioni  the 
Broughty- Ferry  men  drifted  for  winter  herring  as  far  up  the  estuary  as 
the  Tay  Bridge,  while  the  sprat  men  wore  several  times  from  |  to  2  miles 
below  Tayport. 

During  the  course  of  this  season's  fishing  40  samples  of  mixed  sprats, 
young  herrings,  and  other  fishes  were  bought  and  examined.  The  samples 
consisted  of : — 


Young  Herrings, 
Sprats,     . 
Young  Sparlings, 

„      Whiting, 

„      Cod, 

17,115, 

8,539, 

600, 

398, 

215, 

from 

4*3cm.  to  17-5 
4-5  „   to  14-6 
4-2  „   to  150 
7-9  „   to  19-9 
7-2  „    to  16-0 

„      Plaice,  . 

54, 

4-3  , 

,   to  150 

„      Dabs,    . 

50, 

3-8  , 

„   to  130 

„      Flounders. 

19, 

50  , 

„   to  100 

.,      Saithe,  . 

17, 

12-0  . 

,    to  160 

27,007 

Aganus  cataphracius,  . 
Ammodytes  tobianus,   . 
Liparis  moiitagui^ 
Oobiua  minutuSj  . 

» 

109 
70 
70 
70 

SyngTiaikus,  sp., . 
Cottus  scorpiuSf  . 
Oasteroiteus  ipinachia, 
Centronotus  gunnetlus, 
Gaaterosteua  aculeatusj 

« 

9 
7 
4 
3 

1 

Petromyzon  fluv 

iatilisy 

1 

it 


I? 


»» 


»> 


»> 


»» 


>• 


:U4 


The  numbers  of  young  cod,  whiting,  plaice,  dabs,  flounders,  and  saithe 
are  somewhat  larger  than  is  shown  in  the  above  Table,  owing  to  the  fact 
that  the  daily  catches  are  to  some  extent  picked  before  and  sometimes 
after  being  brought  into  the  Dundee  Tidal  Harbour.  Large  quantities  of 
leaves,  rushes,  and  weeds  of  all  kinds  also  enter  the  nets,  and  even 
branches  of  trees,  which  sometimes  cause  great  damage  to  the  nets,  and 
the  picking  and  throwing  overboard  of  this  rubbish  and  of  the  young 
fish  entails  a  great  amount  of  labour  to  the  men. 

During  the  first  half  of  the  month  of  November,  while  the  fish  were 
abundant  and  the  percentage  of  sprats  remained  over  70,  the  number  of 
other  fishes  caught  along  with  the  sprats  was  quite  insignificant. 

A  typical  unpicked  sample  of  the  fish  consisting  of : — 


Sprats, 

Young  Herring,  . 

„       Saithe, 
Agonus  cataphraetuSy 
Shrimps, 


1057 

86 

1 

1 

1 

1146 


The  above  sample  represents  about  one-seventeenth  part  of  a  cran. 
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On  the.  other  hand,  during  December,  January,  and  Februarr,  when 
tlie  fiah.  were  very  scarce,  and  the  percentage  of  young  herrings  very  high, 
a  typieftl^  nnpioked  sample  of  the  fish  consisted  of : — 


"Halflin"  Herrings,    . 

• 

16 

Young  Herrings, 

■ 

2218 

Sprats,        .         .         .         . 

\                 t 

54 

Young  Cod, 

38 

„       Whiting, 

% 

35 

„       Sparlings, 

416 

„       Saithe,     . 

t 

5 

„       Plaice, 

12 

Sand-eels,  .        .        .         . 

1                 < 

25 

Oobius  minutuSf 

21 

Liparis  montagui. 

» 

•                  • 

11 

Agonu$  eataphrachu,  . 

• 

■                  • 

11 

Shrimps  (Crangon  vulgaris j 

». 

•                 • 

600 

There  were  also  present  in  this  sample  about  200  larval  fish,  consisting 
of  over  90  per  cent,  young  herring  and  about  10  per  cent,  of  young  sprats, 
sand-eels,  and  sparlings. 

Th#  whole  of  the  above  sample  represeuts  about  one-twelfth  part  of  a 
cran.  The  40  samples  of  sprats  and  youug  herring  examined  during  this 
season  represented  about  one- thousandth  part  of  the  entire  season's  catch. 

The  catch  was  carefully  examined  on  every  day  when  the  fish  wece 
landed  at  the  Dandoe  Tidal  Harbour,  but  on  some  days  no  large  samples 
of  sprats  and  herring  were  bought  or  examined,  a  rough  estimate  onljy 
being  made  of  the  proportion  of  sprats  and  herring  which  made  up  the 
catdi* 

By  these  two  methods  the  following  Table  has  been  drawn  up,  showii^ 
the  approximate  composition  of  the  catch  throughout  the  season. 

An  asterisk  denotes  the  days  when  the  estimate  was  only  a  superficial 
one: — 


1 

1 

Date. 

No.  of  Crans. 

Estimated 

No.  of  Young 

Herring. 

Estimated 
No.  of  Sprats. 

> 

Estimated 

Total  No.  of 

Fish. 

1905. 

October    . 

li 

25,200 

10,800 

36,000 

NoTember  1    . 

1 

16,800 

7. -200 

24,000 

2»  . 

u 

15,000 

15,000 

30,000 

8    . 

8J 

61,200 

142,800 

204,000 

6    . 

186J 

250,992 

3,334,680 

3,585,600 

/•  . 

56 

107,620 

967,680 

1,075,200 

8    . 

1051 

243,072 

1,782,528 

2,025,600 

9    . 

i          168i 

647,040 

2,588,160 

3,235,200 

10    . 

1      m 

186,624 

590,976 

777,600 

U*  . 

5$1 

808,160 

719.040 

1,027,200 

18    . 

1261 

1,360,128 

1,068,672 

2,428,800 
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Date. 

No.  of  Crans. 

Estimated 

^o.  of  Young 

Herring. 

Estimated 
No.  of  Sprats. 

Estimated 

Total  No.  of 

Fish. 

November  14*  . 

274 

264,000 

264,000 

628,000 

16    . 

121 

998,976 

1,324,224 

2,828,200 

„      w .     . 

67 

492,480 

601,920 

1,094,400 

„        17    .        . 

20 

192,000 

192,000 

884,000 

,.        18»  .        . 

19( 

831,800 

142,200 

474,000 

„        20*  .        . 

10 

192,000 

48,000 

240,000 

„        21    .        . 

Mi 

881,740 

10,260 

842,000 

„        22    .        . 

20 

441,600 

38,400 

480,000 

n         28    .         . 

1 

8,640 

9,340 

18.000 

„        24    .        . 

662 

404,484 

688,716 

1,098,200 

„        26    .        . 

71i 

1,689,000 

171,700 

1,710,000 

M        27    .        . 

88i 

454,860 

343,140 

798,000 

„        28V        . 

19J 

277,200 

184,(!00 

462,000 

M        29    .        . 

16 

268,800 

116,200 

384,000 

„        80    .        . 

17 

867,200 

40,800 

408,000 

1,261J 

9,761,316 

16,390,684 

26,162,000 

Deoember   1*  . 

i 

10,800 

1,200 

12,000 

4    .        . 

8 

134,400 

67,600 

192,000 

5    .        . 

6 

100,800 

48,200 

144,000 

7V. 

If 

29,400 

12,600 

42,000 

9    .        . 

i 

8,400 

8,600 

12,000 

,.        11    .        . 

7i 

130,200 

66,800 

186,000 

12«  .        . 

J 

8,400 

3,600 

12,000 

13    .        . 

lOi 

188,800 

67,200 

246,000 

„         14    .        . 

19 

364,800 

91,200 

466,000 

M         15    . 

4 

86,400 

10,600 

96,000 

„        16    .        . 

h 

10,800 

1,200 

12,000 

„         18*  .        . 

- 

900 

100 

1,000 

„        19-80 

24 

460,800 

116,200 

676,000 

82 

1,533,900 

458,100 

1,987,000 

1906. 
January  1-81  . 

30 

676,000 

144,000 

720,000 

February  1-24 . 

6 

96,000 

24,000 

120,000 
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1905-1906. 


Months. 

Efftimated 
No.  of 
Crans 

Estimated 

No.  of  Young 

Herring. 

Estimated 
No.  of 
Sprats. 

Estimated 

Total  No.  of 

Fish. 

Estimated 

Percentage 

of  Young 

Herring. 

October,      . 
NoTember,  . 
December,  . 
January, 
February,   . 

H 

l,251f 
82i| 
30 
5 

25,200 

9,761,816 

1,588,900 

576,000 

96,000 

10,800 

15,890,684 

458,100 

144,000 

24,000 

86,000 

25,152,000 

1,987,000 

720,000 

120,000 

70-0 
88-8 
77-6 
80-0 
80-0 

1,871A 

11,992,416 

16,022,584 

28,015,000 

42-4 

With  regard  to  the  relative  percentages  of  young  herrings  and  sprats,  I 
would  point  out  that  there  is  every  indication  that  when  a  larger  body  of 
fish  than  usual  enter  the  Tay  estuary  the  percentage  of  sprats  is  usually 
very  high ;  this  was  certainly  the  case  during  the  past  season  1905-6, 
but  was  not  quite  so  noticeable  during  the  previous  season  of  1904-5. 
It  is  also,  of  course,  of  equal  importance  to  note  that  when  fish  are  com- 
paratively scarce  in  the  estuary  it  is  due  usually  to  the  falling-off  in  the 
numbers  of  sprats — in  other  words,  whilst  young  herring  are  always 
present  in  the  Tay  estuary  the  larger  shoals  of  sprats  are  only  occasionaUy 
present. 

The  destruction  of  youug  herrings  and  other  fishes  is,  therefore,  not  so 
alarmingly  great  as  one  would  imagine  it  to  be  on  first  looking  at  the 
samples  and  the  tables  of  percentages,  and  does  not,  in  my  opinion,  argue 
for  any  drastic  changes  in  the  mode  of  fishing. 

The  fishermen,  however,  should  not  persist  in  fishing  when  the  per- 
centage of  sprats  falls  below  60,  and  when  the  fish  are  of  small  size  and 
not  of  much  use  for  purposes  of  food. 

The  sale  of  fish  for  manure  purposes  should,  I  think,  also  be  strictly 
prohibited,  even  when  the  fish  are  unusually  abundant  and  the  percentage 
of  sprats  very  high. 

Daring  the  course  of  the  two  past] winters  over  40,000  sprats  and  young 
herrings  have  been  carefully  measured  with  the  object  of  ascertaining  the 
probable  age  groups  of  both  fish  and  the  probable  annual  rate  of  growth. 
These  measurements  will  be  dealt  with  on  another  occasion. 


General  Accoumt  of  the  Sprat  Fibhino.  1905-1906. 

This  season's  sprat  fishing  was  late  in  beginning,  later  even  than  last 
season,  and  the  lateness  was  again  due  to  the  great  scarcity  of  fish.  The 
regular  sprat  fishing  of  this  season  began  on  the  6th  of  November  and 
practically  came  to  an  end  during  the  latter  half  of  December;  it  was 
taken  part  in  by  the  same  number  of  boats,  and  by  practically  the  same 
number  of  men  as  last  year. 

The  two  main  features  of  this  season's  fishing  were  (1)  the  excellent 
quality  of  the  sprats  whilst  they  remained  plentiful  in  the  estuary,  and 
(2)  the  great  scarcity  of  both  sprats  and  young  herring  during  the  latter 
half  of  December  and  the  whole  of  January  and  February. 

The  quality  of  the  sprats  was  the  best  seen  in  Dundee  for  some  years, 
the  catches  during  the  first  week  of  the  regular  fishing  consisting  of  over 
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70  per  cent,  of  firat-claas  sprata,  the  number  of  yonng  food  fishes  other 
than  young  herring  forming  only  an  insignificant  fniction. 

The  m^iats  were  mostly  of  krge  size,  their  arerage  sices  varying  from 
Ikton.  to  12*5om.,  and  oontrssted  ginatiy  witti  me  much  smaUar  and 
yofittgjpr  sprats  o<  last  season* 

Unlike  kst  season,  there  was  a  keen  demand  for  sprats  thronghont 
almost  the  whole  of  this  season,  and  the  usaally  brisk  competition  amongst 
the  buyers  kept  the  prices  generally  at  a  high  standard. 

In  oonsequmee  of  the  gviod'  prices  wiiich  thv  ftahermen  obtained  fbr 
thoir  fish,  there  was  less  dissatisfaction  amongst  them  than  last  year,  but 
there  Atill  remained  great  discontent  amongst  the  buyers,  owing  to  what 
they  consider  the  excessure  railway  rates  charged  for  the  carriage-  o£  liie 
fish  to  the  Tarious  English  markets. 

The  complaints  of  the  fishermen  gradually  increased,  however,  as  the 
fish  became  scarcer,  and  much  real  distress  prevailed  again  during  January 
and  February. 

With  regard  to  the  great  scarcity  of  fish  during  December,  January, 
and  Febraary,  some  of  the  men  thought  it  was  because  of  the  want  of 
south-easterly  gales,  and  others  because  of  the  weak  tides,  heavy  spates, 
and  frosty  weather.  I  also  interviewed  a  few  old  fishermen,  some-  of 
whom  had  been  all  their  days  taking  part  in  the  various  fishings  on  the 
River  Tay,  and  one  and  all  complained  bitterly  of  the  great  scarcity  of  all 
kinds  of  fish  in  the  River  Tay  at  the  present  day.  They  attribute  this 
great  scarcity  of  fish  to  the  general  increase  in  the  numbers  of  bleaching 
works,  dye  works,,  ink  factories,,  paper  milts,  and  tanneries,  and  to  the 
gradually  increased  sewerage  from  Perth  downwards.  They  declare  that 
20  and  25  years  ago  fish  of  many  different  kinds  were  very  plentiful  in 
all  parts  of  the  river ;  salmon  and  trout  were  exceedingly  plentiful,  and 
great  numbers  of  large  black  flounders  were  got  all  the  way  from  New- 
burgh  to  Broughty-Ferry,  and  were  particularly  plentiful  on  the  north  side 
of  Uie  Middle-Bank,  where  they  are  now  scarce  and  of  a  much  smaller 
size.  Large  cod  were  also  very  plentiful  in  various  parts  of  the  estuary, 
and  were  occasionally  captured  in  considerable  numbers  as  far  up  the 
estuary  as  Invergowrie  Bay.  Plaice,  dabs,  brill,  and  other  fishes  were  also 
in  much  greater  numbers  than  at  the  present  day.  During  that  time — 
20  and  25  years  ago — the  sprat  boats  only  numbered  some  half-dozen,  but 
they  quickly  increased  until  they  numbered  somewhere  about  30,  and 
have  remained  at  about  that  number  for  many  years. 

Here  I  must  mention,  in  connection  with  the  general  scarcity  of  fish  in 
the  river,  the  bitter  complaints  of  the  sprat  fishermen  and  the  Broughty- 
Ferry  fishermen,  who  allege  that  the  barge  and  dredger  men  in  the 
employment  of  the  Dundee  Harbour  Trustees  deposit  large  quantities  of 
mud  and  filth  in  the  vicinity  of  Monifieth  Bay,  and  have  thus  completely 
destroyed  excellent  spawning  grounds  of  the  winter  herring.  The  barges 
containing  mud  dredged  from  the  Dundee  and  *]  ayport  harbours  are 
supposed  to  be  towed  out  to  the  mouth  of  the  river,  but  the  fishermen 
assert  that  on  the  approach  of  darkness,  or  if  there  be  the  least  sign  of  a 
storm  outside,  the  mud  is  at  once  dumped  down  in  the  vicinity  of 
Monifieth  Bay.  I  advised  the  fishermen  to  communicate  with  the  Fishery 
Board  in  connection  with  the  matter,  but  found  later  that  the  Broughty- 
Ferry  Town  Council  had  been  in  communication  with  the  Dundee 
Harbour  Trustees,  and  that  the  latter  had,  in  cousequence,  instructed  their 
employees  to  convey  all  mud  to  the  mouUi  of  the  river. 

During  the  course  ef  this  season's,  fishing,  I  pointed  out  to  several 
fishermea  and  buyera  that  the  Fishery  Board  regretted  the  destruction  of 
so  many  young  herring  and  sprata  in  the  Tay  estuary^  and  I  suggestod 
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the  genenl  me  of  Uie  drift-net  instead  of  the  usual  Jbag^net ;  but  bath 
fiflfaBrmenaBd  ^bujeBi  were  nnanimonaly  of  opinion  thatdriit-aet  .fiabing 
for  qprals  in  the  Tay  eetuarj  was  impracticaA^le ;  ihe  correnta*  thciy 
mainfaunedy  were  far  too  atrong,  and  the  drift  ntft  would  not  capUue 
nearly  «Dongh  ^h  to  enable  both  fiahermen  and  buyers  to  earn  a  (air 


I  further  f>ointed  out  to  the  buyers  the  possibility  of  the 
oaptnring  more  sprats  than  young  herring,  becauae  of  the  deeper,  roundei; 
and  more  serrated  bodies  of  the  sprats,  but  one  of  the  buyers  assured  me 
that  ha  iiad  seen,  on  several  oocasions,  as  many  y  oong  Jieniog  aa  sprats 
captured  in  the  drift-nets  at  other  sprat  fishing  stations.  I  iilso,  in  the 
oonrse  dI  my  visits  to  the  harbour,  pointed  out  to  the  bayers  that  the 
barrels  they  were  using  in  oonveying  the  fish  to  the  vadous  English 
markets  were  generally  ol  too  large  a  size,  And  that  the  fish  tefose  they 
reached  their  deatinatton  must  be  in  a  very  polpy  condition,  and  many 
ol  them  not  of  much  use  for  cooking  purposes. 

I  suggested  as  an  alternative  Iks  general  use  of  smaller  flat  boxea. 
The  buyers  admitted  the  barrels  were  far  too  large,  but  argued  tiiat 
smaller  flat  boxes  would  have  to  be  made  of  much  stronger  wood,  and 
this  would  only  add  to  the  weight  and  subaequent  coet  of  the  oarriege  of 
the  fish. 

1  discussed  also  the  question  of  the  preservatioii  and  tinning  of  ttie 
^»ats  for  sardine  purposes,  and  one  of  the  buyers — Mr.  William  Hopkins, 
a  noted  Anstruther  herring  cuter  and  exporter — was  of  opinion  that 
the  queation  was  worthy  of  every  consideration,  but  pointed  out  that  a 
bnaineas  of  this  kind  would  require  a  large  sum  of  money  to  set  it  agoing, 
and  it  woold  not  very  likely  pay  for  a  year  or  two,  becanse  practically 
the  whole  trade  is  at  present  in  the  bauds  of  foreigners. 

I  lesmed  also  that  some  of  the  fishermen  had  bought  preserving  and 
tinning  apparatus  several  years  ago,  but  they  only  mat  with  lair  auocess, 
owing  chiefly  to  the  high  prices  of  sprats  during  some  seasons, 
and  their  poor  quality  and  small  size  during  other  seasons.  If 
spmta  are  to  be  used  for  sardine  purposes  they  must  be  bonght  at  or 
below  5s.  or  68.  per  cran,  and  th^  must  be  ol  a  lair  siae  and  com- 
paratively free  from  young  herrings.  Young  herrings  can,  however,  be 
lardined  like  the  sprats,  but  they  require  more  labour  and  expense,  and 
are  not  nearly  so  palatable  as  the  sprats  themselves. 

FlTBTHSB    NOTKS    ON     THX    NATURAL  HiBTORT   OP  THJI   SpRAT  AND  THB 

YOUNQ  OP  TUX   HXRRINO. 

Fairly  large  numbers  of  young  herrings  and  comparatively  small 
numbers  of  sprats  appear  to  be  present  in  t^  Tay  estuary  at  all  times  'Ol 
the  year,  but  the  larger  shoals  of  full-grown  sprats  only  occasionally. 

The  Tay  estuary  would  therefore  appear  to  be  more  of  a  natuml 
noTBery  ground  for  young  herrings  than  for  sprata,  but  its  usefulneas  as 
such  is  very  much  diminished  by  the  enormous  amoatft  of  impurities 
poured  into  the  river. 

Here,  then,  arise  the  two  most  interesting  points  in  connection  with 
the  natural  history  of  both  6«h,  namely: — "Why  do  they  •enter  our 
eetuaries  at  all  during  the  winter  montha,  and  what  are  the  oauses  of  the 
constant  fluctuations  in  their  numbers." 

As  I  pointed  out  in  last  year's  report,  the  question  <lf  food  majr 
istfely  be  left  out  of  account  altogether,  principally  becauae  -df  the 
ill-ancoess  vAiich  -attended  the  examination  of  the  •estoarine  -wtfters  for 
food  msterial,  and  the  almost  complete  absence  of  food  material  in  the 
etoma^bs  of  bdtb  the  sprat  and  the  young 
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Again,  with  regard  to  the  tides,  I  am  still  of  opinion  that  spring  tides 
have  no  more  influence  in  bringing  the  fish  into  the  eatoary  than. neap 
tides  have.  This  opinion  is  against  that  of  many  of  the  fishermen,  but  I 
found  that  in  1904-1905  as  many  large  catches  of  fish  were  made  during 
neap  tides  as  during  spring  tides,  and  that  during  the  past  winter, 
1905-1906,  the  largest  catches  of  the  season  were  made  during  the  lowest 
phases  of  the  neap  tides.  Here  we  must  bear  in  mind,  however,  that 
the  greater  strength  of  the  spring  tides  undoubtedly  adds  to  the  capturing 
power  of  the  bag-net. 

Slight  variations  in  the  temperature  of  the  air,  I  also  find,  have  no 
marked  influence  on  the  movements  of  the  fish,  but  prolonged  frosts  and 
subsequent  colder  waters  of  spates  may  drive  at  least  the  younger  forms 
out  into  the  sea  again.  Neither  of  these,  however,  account  for  the 
principal  fluctuations  in  the  number  of  fish  in  our  estuaries. 

Spawning  may,  of  course,  be  left  out  of  account  altogether,  as  the 
sprats  do  not  spawn  in  the  estuary  proper,  and  spawning  does  not  take 
place  until  the  spring  and  early  summer  months. 

Storms,  and  especially  south-easterly  gales,  on  the  other  hand,  are 
undoubtedly  important  factors  to  be  taken  into  account;  but  that  south- 
easterly gales  do  not  always  drive  the  fish  into  the  Tay  estuary  may  be 
easily  seen  by  referring  to  the  weather  statistics  of  the  two  past  sprat 
fishing  seasons.  I  may  point  out,  however,  that  a  series  of  westerly 
gales  sometimes  drive  many  of  the  fish  from  the  upper  parts  of  the 
estuary,  and  may  give  rise  to  large  catches  of  young  herring. 

It  was  after  a  week  of  storms  and  south-easterly  gales  when  the  largest 
shoal  of  sprats  of  the  past  season  made  its  appearance  in  the  Tay  estuary; 
but  a  greater  storm  of  wind  and  rain  a  few  days  afterwards  made  little  or 
no  difierence  in  the  numbers  of  fish  in  the  estuary.  The  same  remarks 
hold  good  for  the  sprat-fishing  season  of  1904-1905. 

There  only  remains  now  the  question  of  the  constant  persecution  by 
numerous  and  varied  enemies  and  the  consequent  inherent  restlessness 
and  timidity  of  both  fish.  As  is  well  known,  large  shoals  of  cod,  ling, 
whiting,  dogfishes,  mackerel,  and  other  fishes  feed  upon  the  sprat  and 
herring,  and  shoals  of  haddock  devour  the  spawn  of  the  herring  in  large 
quantities.  Seals,  porpoises,  and  dolphins  and  many  sea  birds  are  also 
well  known  to  be  formidable  enemies ;  add  to  all  these,  then,  the  cannibal- 
istic habits  of  the  two  fish  themselves,  and  the  great  destruction  made 
upon  them  by  the  sprat  fishermen,  and  one  cannot  wonder  at  the  great 
and  constant  fluctuations  in  the  numbers  of  both  fish  iu  our  estuaries. 

A  sudden  shoal  of  cod,  whiting,  or  dogfish,  or  an  increase  in  the 
numbers  of  seals  and  porpoises,  or  even  the  occasional  presence  of  a  whale 
in  the  vincity,  will  doubtless  drive  large  shoals  of  sprats  into  our  estuaries. 
Here  I  may  mention  that  only  a  few  years  ago  a  large  whale  made  its 
appearance  in  the  Tay  estuary,  and  during  the  same  time  the  water  was 
simply  teeming  with  sprats,  young  herring,  and  young  whiting.  I  may 
also  mention  that  both  porpoises  and  dolphins  are  not  uncommon  just 
outside  the  river,  and  seals  are  sometimes  very  plentiful  even  in  the 
estuary. 

This  incessant  persecution,  then,  b^  numerous  and  varied  enemies,  may 
well  explain  the  presence  of  the  sprat,  at  any  rate  in  such  large  and 
varying  numbers,  in  our  estuaries. 

From  the  preceding  remarks  one  could  naturally  conclude  that  a 
diminution  in  the  number  of  enemies  would  result  in  an  increase  in  the 
numbers  of  sprats  and  herring,  and  that  both  fish,  especially  the  sprat, 
would  in  consequence  remain  further  and  longer  away  from  our  estuaries. 

Jigain,  during  other  seasons,  when  perhaps  cod,  whiting,  dogfishes,  and 
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so  OD,  are  very  abundant,  the  n ambers  of  sprats  and  young  herring  in  our 
estuaries  would  very  likely  be  much  greater,  although  the  actual  total 
number  of  both  fish  in  the  sea  would  rapidly  grow  less.  In  this  way, 
then,  we  may  find  a  possible  explanation  of  the  occurrence  of  fat  and  lean 
fishing  seasons  in  the  various  sprat  fisheries  round  our  coasts. 

In  connection  with  the  above  ideas  I  interviewed  several  fishermen  and 
buyers  belonging  to  Dundee,  Broughty- Ferry,  and  St.  Andrews,  and 
obtained  information  from  them  which  went  to  support  my  theories. 

I  found  that  very  few  sprats  and  young  herring  had  been  present 
in  St.  Andrews  Bay  during  the  autumn  months  of  1905,  and  that  little  or 
no  cod  were  caught  there  during  the  same  time.  After,  however,  a  week 
of  storms  in  the  North  Sea,  a  largo  shoal  of  sprats,  unmixed  with  young 
herring,  made  its  appearance  in  St.  Andrews  Bay  on  the  2nd  or  3rd  of 
November,  1905,  and  large  numbers  of  cod  and  whiting  were  being  caught 
there  at  the  same  time. 

All  the  cod,  the  fishermen  informed  me,  were  simply  gorged  with  sprats, 
and  many  of  the  cod  were  vomiting  up  the  sprats  whilst  being  hauled  on 
board. 

This  large  shoal  of  sprats  made  its  appearance  in  the  Tay  estuary  about 
the  same  time  as  it  did  in  St.  Andrews  Bay,  and  on  the  6th  of  November 
the  largest  catch  of  the  season — namely,  186|  crans — was  made  by  the 
Tay  sprat  fishermen. 

Another,  if  not  greater,  storm  of  easterly  gales  and  rain  took  place  on 
the  13th  November,  1905,  and  caused  great  loss  and  damage  to  fishing 
apparatus  in  St.  Andrews  Bay.  It  also  completely  cleared  out  all  the  cod 
and  codling  as  well  as  the  sprats  in  the  bay,  and  since  that  date,  and 
until  the  close  of  the  sprat  fishing  season  towards  the  end  of  the  following 
February,  the  fishing  in  St.  Andrews  Bay  was  a  complete  failure. 

This  great  storm  caused  little  or  no  increase  in  the  numbers  of  sprats  in 
the  Tay  estuary,  so  that  the  bulk  of  the  St.  Andrews  Bay  sprats  must 
have  sought  shelter  elsewhere. 

Following  closely  upon  the  disappearance  of  the  cod  and  codling  from 
St.  Andrews  Bay,  or  in  the  course  of  the  next  two  or  three  days  after  the 
storm,  the  Tay  sprat  fishing  almost  suddenly  fell  away  and  became  a 
complete  failure,  and,  further,  it  remained  a  failure  along  with  the  St. 
Andrews  Bay  fishing  until  the  close  of  the  Tay  sprat  fishing  season. 

I  also  found,  upon  further  inquiry,  that  the  season  of  1904-1905  was 
a  poor  cod  and  codling  fishing  season  in  St*.  Andrews  Bay,  and  this,  of 
course,  entirely  coincides  with  the  poor  and  unproductive  sprat  fishing  in 
the  Tay  estuary  at  the  same  time. 

With  regard  to  the  difierence  in  the  quality  of  the  sprats  during  the 
two  past  seasons,  it  may  be  that  owing  to  the  mildness  and  exceptional 
dryness  of  the  season  1904-1905  the  younger  forms  of  the  sprat  were 
enabled  to  remain  much  longer  and  much  more  constantly  in  the  Tay 
estuary  than  usual,  and  that  the  cold  and  heavy  spates  of  the  past  season 
1905-1906  drove  the  younger  and  smaller  forms  of  sprats  out  into  the 
sea.  These  and  like  questions,  however,  can  only  be  answered  by 
observations  and  experiments  extending  over  a  period  of  several  years,  and 
require  very  careful  scientific  study. 

NOTB  ON   THB  fiXTBRNAL   DlFFBRBNClS  BKTWBBN   THB  SpRAT 

AND  THB  Young  of  thb  Hbrring. 

There  is  generally  not  much  difficulty  in  distinguishing  a  sprat  from  a 
young  herring,  even  when  the  external  features  are  only  taken  into 
account  and  the  internal  structure  left  entirely  alone. 


168 


Fart  III, — Tw&nty-fimrth  Annual  Btpori 


The  external  differences,  however,  between  the  two  fish  aippeu  so 
slight  to  a  beginner  that  it  takes  him  some  considerable  time  to  septtrate 
even  small  quantities  of  one  from  the  other;  and  it  is  only  after  lie  has 
handled  several  thousands  of  fish,  or  has  otherwise  had  long  experience 
of  them,  that  he  is  able  to  separate  the  one  from  the  other  wiHi  any 
degree  of  comfort  and  rapidity. 

The  proper  method  is,  therefore,  to  first  of  all  accustom  the  eye  to  llhe 
differences  in  the  general  shape  and  colour  of  the  two  fish ;  bcft  to  make 
sure,  the  thumb  or  forefinger  must  be  drawn  along  the  throifts  of  the 
fishy  when  the  sharp  spines  in  the  case  of  the  sprat  at  once  diirttinguish  it 
from  the  comparatively  smooth-throated  young  herring. 

If  in  doubt  about  the  general  shape,  colour,  and  spines,  the  position  6l 
the  pelvic  fins  in  relation  to  the  first  ray  el  the  dorsal  fin  must  be  noted, 
and  if  still  in  doubt  the  number  of  rays  in  the  pelvic  fins  ihemsiiilves 
have  to  be  counted. 

In  very  small  and  semi-tmusparent  fish  the  number  of  veitebm  have 
to  be  counted. 

The  following  Table  shows  the  general  external  differences  between  the 
two  fish : — 


Sprat. 

Young  Herring. 

Deeper  and  narrower  in  the 
Dody.    Belly  curved  from 
head  to  tail. 

Relatively  not  so  deep  in  the 
body,  and  oiuah  \tm  ouired 
in  the  helly ;  whole  body 
usually  more  tapering  to- 
wards tail. 

Colour.  . 

Narrow  strip  of  slatv  blue  col- 
our on  back.    Sides  of  body 
relatively  more  silvery. 

Broader  strip  of  greenisih  blue 
colour  on  back. 

Head.     . 

Short  from  snout  to  occipital 
region. 

Belatively  longer. 

Spinel.   . 

Well  developed  on  throat  an«l 
beUy. 

Weak  on  throat  and  not  so  wall 
developed  on  belly. 

Eyas. 

Small 

Relatively  large. 

Position   of   Pelvic 
Pins. 

In  nearly  all  fish  above,  but 
sometimes  below,  5  cms.  in 
front  of  first  dorsal  fin  ray. 

In  nearly  all  fish  above,  bat 
behind  first  dorsal  fin  ray. 

Namber  of  Kays  in 
Pelvic  Fins. 

7,  usually. 

9,  usually. 

Tall.       . 

Greyish  m  colour  and  usually 
ragged. 

Darker  fringe  and  more  uni- 
form in  shape. 

Vertebne, 

Not  more  than  48. 

Not  lees  than  54. 
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Vn.— ON  THE  SPAWNING  OF  THE  LUMPSUCKER  (Cydopterus 
lumpua)  AND  THE  PATERNAL  GUARDIANSHIP  OF  THE 
EGGS.  By  Dr.  T.  Wmtss  Fulton,  F.R.S.E.,  Superintendent  vf 
Scientific  Investigations. 

(PLATE   XL) 


The  lumpsocker  is  a  common  fish  on  oui  shores  in  spring,  when  it 
comes  close  in  among  the  rocks  to  deposit  its  spawn,  the  spawning-season 
extending  from  February  to  nearly  the  end  of  May.  Its  food  consists 
of  marine  worms,  coeleuterates,  Crustacea,  and  small  fishes;  Dr.  Murie 
has  taken  100  whitebait  (young  herrings  and  sprats)  from  the  stomach  of 
a  specimen.*  It  is  stated  by  several  authors  that  the  stomachs  of  females, 
especially,  c^ten  contains  nothing  save  a  quantity  of  fluid;  this  is  no 
doubt  owing  to  their  being  mostly  caught  during  the  breeding  season, 
when  food  is  usually  not  taken  by  fishes. 

The  males  are  much  smaller  than  the  females  and  somewhat  more 
numerous ;  they  are  brightly-coloured  red  on  the  fins  and  lower  surface 
during  the  spawning  time,  while  the  females  are  dark  leaden  blue  or 
aUtcj-coloured.  The  mass  of  eggs  prodoced  by  a  female  is  large,  and 
may  reach  as  much  as  35  per  cent,  of  the  total  weight ;  the  average  for 
tiiree  specimens  -examined  by  me  was  27  per  cent.  In  a  female,  14^ 
inches  in  length  and  weighing  6  lbs.  12  ounces,  caught  on  16th  May, 
and  included  in  the  following  table,  the  eggs  weighed  2  lbs.,  while  150cc. 
of  ovarian  fluid  escaped  from  the  ovaries. 

The  eggs  measure  about  2*2mm.-2'6mm.,  and  have  a  volume  of 
4'18cc. ;  I  found  them  to  number  from  79,758  to  136,764  in  females  a 
little  over  18  inches  long.  The  fecundity  of  the  lumpsucker  is  thei*efore 
high.  When  examined  in  the  ripe  female  before  extrusion  they  are 
usually  reddish  or  salmon-tinted,  but  may  be  lilac,  pale  violet,  pale 
brown,  or  pink.  On  extrusion  they  are  pink,  but  this  tint  fades  on 
exposure  to  light,  and  gives  way  to  a  feunt  greenish  or  yellowish  hue ;  later 
they  become  dark,  owing  to  the  development  of  pigment  in  the  embryos. 

The  whole  of  the  eggs  are  laid  at  one  time, -or  at  all  events  this  appears 
to  be  the  usual  occurrence,  but  an  examination  of  the  ovaries  of  the 
females  included  in  the  Table  below  tends  to  show  that  it  does  not 
always  happen,  as  several  of  them  were  found  to  be  only  partly  spent. 
One  of  the  females  referred  to  in  this  paper,  moreover,  deposited  her  eggs 
in  two  lots  after  an  interval  of  thirteen  days.  The  eggs  in  the  ovary, 
just  before  extrusion,  are  bathed  in  a  plentiful  fluid,  but  they  are  not 
adherent;  when  the  fingers  are  passed  through  the  mass,  the  feeling 
conveyed  resembles  that  of  contact  with  a  mass  of  half-boiled  sago. 
Around  the  eggs  the  secretion  is  syrupy,  and  on  separating  them  glutinous 
threads  pass  between  them.  This  substance  hardens  in  sea  water  and 
binds  the  eggs  into  a  large  compact  spongy  mass,  leaving  narrow  channels 
between  by  which  water  enters.  It  is  doubtful,  as  we  shall  see,  whether 
this  arrangement  would  not  be  fatal  to  many  of  the  eggs  were  it  not  for  the 
constant  attention  of  the  male  fish ;  and  perhaps  the  same  attention  is  given 
by  the  parents  of  other  shore  forms  whose  eggs  are  laid  in  adherent  masses. 

^M'lntoth  mentiona  annelids  (Nereis),  Third  Annual  Refiorlfn.iSO;  Parhell  aays  it 
feedi  oa  wormi  and  smaU  fish,  Fiekes  of  the  Firth  of  Forth^  p.  882  ;  Scott  found  ocelenter- 
atM'(.&rffe,  Pleurobrachia)  annelids,  and  cinutaoea,  in  their  stomachs,  Twentieth  Annftml 
Rsport,  p.  487 ;  Maria's  observations  are  given  in  Report  on  the  Sea  Fitheriet  ^flke  Tkama 
Bdwoary^  Peart  /.,  p.  189. 
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These  masses  of  eggs  may  be  found  attacbed  to  rocks,  &e.,  about  low 
water  mark. 

In  tbe  following  Table  I  give  the  measurements  and  other  particulars 
of  69  lumpsuckers  taken  from  a  salmon  stake-net  in  the  Bay  of  Nigg  in 
spring  a  few  years  ago,  between  2nd  May  and  24th  July. 


Date. 

Females. 

Males. 

i 
Length. 

1 

1 

Weight 

Sexual 
Condition. 

Length. 

Weight. 

Sexual 
CJondition. 

1 

Inches,    i 

Lbs.    oz. 

Inches. 

Lba 

.    oz. 

May      2 

18 

7      1 

Ripe 

10 

1 

4 

Ripe 

3 

14        1 

5      4 

t  f 

10 

1 

5 

f ) 

18        ' 

8      14 

Nearly  spent 

144 

3 

6J 

»» 

,, 

14i 

5      6 

Ripe 

12 

2 

6f 

•  f 

- 

17« 

7      9f 

(Nearly  spent 

114 

2 

Of 

<  t 

.         - 

18i 

10      7i 

»» 

12 

2 

H 

«« 

-        - 

17        1 

6    144 

Spawning 

114 

2 

4 

»« 

,, 

17f 

7      14 

Spent 

9 

•  •• 

15i 

»♦ 

M          8 

16 

7      4 

Spavming 

■  •  • 

•  ■  • 

•  •  • 

... 

„      10 

17       i 

6      6 

»» 

12 

2 

H 

Nearly  spent 

,,        — 

16 

5     144 

»» 

•  •  • 

•  •• 

... 

•  •  ■ 

M      12 

15 

6     15jf 

Ripe 

114 

•  / 

n 

Ripe 

J          — 

14J 

4      3 

Spent 

lOi 

1 

74 

Nearly  ripe 

M       14 

•  ■  • 

•  •  ■             *  •  • 

■  •  • 

13i 

2 

7 

Ripe 

.            — 

•   •   B 

•  •  •              •  ■  • 

•  •  • 

10^ 

1 

71 

»i 

,,          — 

•  •  •              •  •  • 

•  •  • 

n 

•  •• 

Hi 

Nearly  ripe 

„      15 

19        1 

9     12 

Spawning 

•  •  • 

•    •   B 

•  ■  • 

— 

14J 

5      6 

»i 

■  •  • 

•    •    • 

B   •   • 

„      16 

18i 

9      8 

»» 

•  •  • 

•   •    • 

•  •   • 

— 

14i      1 

6    124 

»» 

«  •  • 

•   •   ■ 

„      17 

16i 

5    lOf 

Ripe 

■  •  • 

•  •   • 

... 

-        — 

144 

4      14 

Spent 
Nearly  spent 

■    •    B 

•   •    • 

■     •     • 

,        — 

14 

.3    124 

.     .     • 

•  •   • 

•    •    • 

M       18 

17 

7      74 

Ripe 

•   •    • 

•  •  a 

•   B   • 

,,        — 

I5i      ! 

4      1 

Spent 

•   •   B 

•  •  • 

•    •    • 

,, 

154      > 

5      74 

»f 

■   • 

•  •  • 

•    •    • 

J,        - 

144      ; 

5     134 

Ripe 

•   •  • 

B  •  • 

•  • 

18 

8     12 

tt 

•    •   B 

•  ■  • 

•    •    • 

— 

15 

6     144 

it 

•   •   • 

•  •  • 

,,      19 

15 

6      2 

Spawning 

i'il 

2 

31 

Ripe 

,,        — 

•  •  • 

•  •  •             •  •  • 

... 

12 

2 

24 

f » 

.,      20 

14J 

5     14^ 

Ripe 

13 

2 

13* 

Nearly  spent 

-  -               "" 

i6i 

in 

6      44 
10     12 

Spent 
Ripe 

lOi 

•  •  • 

1 

12 

•   •    • 

Ripe 

•  •  • 

,       — 

14i 

6      04 

»» 

•  •  • 

... 

•    •   « 

•  •  • 

„      21 

J54 

9      2 

91 

15 

4 

6 

Ripe 

,,        — 

16 

7      Oi 

Nearlj'  spent 

81 

•  •  • 

10* 

Nearly  ripe 

-,        - 

14 

4       14 

)* 

■    •    • 

•  t  « 

•  •  • 

J,        — 

14f 

4      li 

»f 

•  ■   • 

•  •  • 

•  •   • 

•   B    • 

June     7 

16 

0      ... 

Spent 
Nearly  spent 

... 

•   •   • 

•  «    ■ 

.>       8 

144 

5      9i 

•  •• 

•  •  • 

•  t   t 

>*      11 

16i 

5       1 

>» 

U)i 

i 

124 

Immature 

„      13 

11 

2      2i 

Quite  Im'ture 

74 

..• 

111 

It 

July      3 

•  •  • 

•••             •»« 

•  ■  ■ 

101 

I 

5 

it 

,,       — 

•   •    • 

•  t  •             •  •  • 

•  •  • 

9} 

1 

7 

9t 

,,       — 

t  •  • 

•  ••             «• 

■  •  • 

11 

1 

Hi 

t) 

f,     11 

•  •• 

•  ■  •             •  •  t 

124 

2 

7 

»» 

.,       — 

1 

•  •  •             •  •  • 

•  •  • 

11 

1 

IS 

1) 

— 

■  •  « 

•  •  •             •  •  ■ 

•  •  • 

10 

1 

7 

If 

-.       — 

1 

«  •  • 

•  •  •             •  •  • 

•  •  • 

lOJ 

1 

24 

)t 

.,      24 

•  •  • 

•  t  •             •  •  t 

•  •  • 

10} 

2 

4 

»l 

Average,  - 

15  8 

0      G 

•  •  • 

11 

1 

14 

B   •    • 
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There  were  39  females  and  30  males.  The  females  ranged  in  length 
from  19  to  11  inches,  hut  the  latter  specimen  was  immature,  the  smallest 
female  which  was  mature  measuring  14  inches  (35*5  cm.)  and  the  weight 
of  the  mature  females  ranged  from  10  lbs.  12  oz.  (4871  grammes)  to  3  lbs. 
12^  ounces  (2113  grammes),  but  this  specimen  had  got  rid  of  most  of  its 
eggs.  The  average  length  of  the  39  females  was  15*8  inches  (about 
39cm.)  and  the  average  weight  6  lbs.  6  oz.  (2889  grammes). 

The  length  of  the  males  varied  from  15  inches  to  7^  inches,  the 
smallest  ripe  being  9  inches  (23cm.);  the  weights  ranged  from  10|  oz. 
(290  grammes)  to  4  lbs.  6  oz.  (1982  grammes)  ;  the  former  was  not  quite 
mature,  the  minimum  weight  of  the  males  that  were  certainly  spawning 
being  \b\  oz.  (432  grammes).  The  average  length  of  the  30  males  was  11 
inches  (28cm.)  and  the  average  weight  1  lb.  14  oz.  (822  grammes.)  The 
diffei-ence  in  the  size  of  the  males  and  females  is  thus  striking. 

In  Jane  all  the  fish  were  spent  or  nearly  so,  and  in  July  they  were  all 
immature,  No  female  was  obtained  after  13th  June,  no  doubt  because 
they  withdraw  probably  to  deeper  water,  and  the  last  male  was  got  on 
11th  July,  though  the  net  was  examined  up  to  the  middle  of  August. 

One  of  the  habits  of  the  lumpsucker  well  known  to  fishermen  is  the 
guardianship  by  the  male  of  the  mass  of  eggs  after  they  are  deposited. 
The  habit  was  long  ago  accurately  described  by  Fabricius  in  his  descrip- 
tion of  the  fishes  of  Greenland,  and  it  has  been  referred  to  since  by  most 
writers,  though  often  with  scepticism.  Couch,  for  example,*  is  of  opinion 
that  the  description  of  Lac^p^de  to  this  efifect  is  exaggerated,  and  that  the 
presence  of  the  male  near  the  eggs  is  accidental.  M'lntosh  has  given  a 
graphic  and  pathetic  picture  of  the  male  remaining  on  the  beach  guarding 
the  eggs  in  a  mere  runlet  of  water  after  the  tide  had  withdrawn  from 
them.t 

The  authors  of  *'  Scandinavian  Fishes, '*  t  quoting  from  Malm,  state 
that  a  fisherman  of  Bohusliin,  named  Johan  Persson,  had  observed  the 
spawning  of  this  fish  for  three  years  in  succession  in  the  same  cleft  of  the 
rocks  at  a  depth  of  three  or  four  fathoms ;  that  the  male  posted  himself  a 
couple  of  feet  away  and  "  blew  on  the  roe,''  besides  defending  it  from 
enemies,  defeating  the  attacks  even  of  the  crab.  This  habit  of  "  blow- 
ing ''  upon  the  roe  seems  to  have  escaped  the  notice  of  naturalists ;  but 
from  what  follows  it  will  be  seen  that  the  observation  of  the  Swedish 
fbherman  was  quite  accurate,  and  that  an  important  part  of  the  duty  of 
the  male  taking  charge  of  the  eggs  is  to  spout  currents  of  water  from  his 
mouth  on  them. 

I  should  think  there  are  few  better  instances  among  fishes  of  parental 
devotion  to  the  progeny  than  what  is  shown  by  the  male  lumpsucker. 
For  weeks  and  months  he  devotes  himself  to  the  nursing  of  the  eggs  with 
the  most  remarkable  assiduity,  refusing  to  be  driven  or  seduced  from  his 
post ;  fasting  and  rejecting  food  until  almost  the  end  of  his  long  and 
trying  vigil :  "  blowing  ''  upon  them  and  fanning  them  with  his  fins  all 
the  time  to  keep  them  well  aerated  and  clean  ;  removing  anything  that 
might  injure  them,  and  defending  them  with  courage  and  even  ferocity 
from  the  attacks  of  foes  great  and  small.  When  his  task  is  ended  and 
the  eggs  are  hatched  it  is  not  wonderful  that  he  is  worn-out,  thin,  and 
exhausted  with  his  zealous  labours. 

Last  spring  four  living  lumpsuckers  were  obtained  from  the  local 
salmon  stake-nets  and  brought  to  the  Laboratory,  and  as  two  were  males 

•  "Briliih  Pishes,"  11.,  p.  187. 
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F^CB,'*183. 

JVoLI.,  p.  297. 


172  Part  nL—Tweniy-faurth  AnmuU  Xspart 

aod  two  were  iemake,  and  the  latter  weie  evidently  jf all  ^  ^gg^  Ao 
opportunity  was  taken  to  make  some  dcttailed  obaeraitiont  aa  ito  tbe 
spawning  and  ^e  guardianship  of  the  Qggs  by  the  male.  The  t«w  femalei 
were  first  procured,  and  a  few  days  afterwards  the  two  males,  and  tbey 
were  all  put  together  in  a  tank,  in  which  were  also  a  number  ol  smdl 
flounders,  a  few  small  plaice,  and  a  lobster  which  had  been  there  form 
long  time  and -dwelt  by  day  in  a  hole  under  a  stone  at  die  bsck. 

The  concrete  tank  measures  5|  feet  long  by  4  feet  4  inehes  wide,  and 
is  3i  feet  bigh;  it  is  provided  with  plate  glass  in  front  and  baok,  and 
during  the  observations  the  height  of  water  was  noaintained  at  27|)  inches, 
so  that  the  quantity  of  water  was  about  336  gallons  (1663  litres).  The  flow 
amounted  approximately  to  80  gallons  per  hour.  Since  light  is  admitted 
to  the  back  of  the  tank  by  a  window  narrower  than  the  tank,  and  partly 
under  the  level  of  the  ground,  the  back  corners  are  not  so  well  illumiiiatad. 
The  ontfflow  from  the  tank  was  so  arranged  at  first  that  the  water 
had  to  pass  first  through  a  layer  of  sand  around  lAie  lower  end  ol  a  las^e 
fireclay  pipe  standing  erect  on  the  bottom,  and  high  enough  to  veach  above 
the  surface,  then  up  the  inside  of  this  pipe  till  it  reached  a  latecal  hole  m 
the  iron  outflow  pipe,  which  posses  through  the  concrete  bottom  of  liie 
tank  and  is  enclosed  by  the  fireclay  pipe. 

On  the  morning  of  24th  March  it  was  found  that  both  the  female 
lumpsuckers  had  spawned.  Two  large  masses  of  eggs  had  been  deposited 
during  the  night,  in  close  contact  with  one  another,  in  the  left-ihssnd 
comer  of  the  tank,  in  front,  against  the  glass,  and  between  the  side  of  the 
tank  and  a  stone,  on  the  top  of  which  a  large  sea  anemone  was  fixed  (me 
figure  on  plate  XI.).  It  was  thus  in  a  good  position  for  observation.  So 
closely  were  these  masses  applied  to  one  another  that  they  appeared  at 
first  to  form  a  single  mass,  distinguishable  only  by  a  difference  in  tist. 
Later,  when  the  eggs  were  nearly  ready  to  hatch,  they  were  separated 
throughout  by  an  interval  or  gap  of  about  half-an-inch,  showing  fliat  the 
masses  had  in  reality  not  been  adherent  to  one  another.  It  may  thetefofe 
be  surmised  that  though  both  females  spawned  during  the  night, 
23rd-24th  March,  an  interval  of  time  elapsed  between  the  layings;  and, 
further,  that  the  adhesiveness  of  the  eggs  is  soon  lost  in  sea  water. 

Both  clumps  of  eggs  were  pink  at  first,  but  one  lot  was  much  paler 
than  the  other,  and  thereby  readily  distinguished. 

After  the  females  had  shed  their  eggs  they  retired  to  the  shadiest  spots 
at  the  back  of  the  tank,  and  passed  the  time  in  clinging  to  or  lying  on 
large  stones  which  were  there.  They  were  sluggish  and  quiesoent,  scares^ 
moving,  and  at  this  time  they  took  no  food.  Their  system  was  no  donbt 
much  upset  by  the  sudden  ejection  of  so  large  a  mass  of  eggs,  which  they 
had  carried  for  some  months. 

The  two  males,  on  the  other  hand,  occupied  very  different  positions, 
both  as  regards  their  place  in  the  tank  and  as  regards  their  place  in  tfae 
social  or  domestic  polity  of  the  lumpsuckers  present.  One  of  them  lagr 
close  to  the  masses  of  eggs;  the  other  was  as  far  from  them  and  bis  fellow 
male  as  he  was  able  to  get,  dinging  to  the  wall  of  the  tank  in  quite  Ae 
oppofiote  comer,  and  near  the  sur^ice  of  the  water,  from  which  he  oltea 
pi^ed  his  snont. 

The  former  was  guarding  both  masses  of  eggs.  He  was  lying  behind 
ihem,  with  his  snout  against  them,  and  obvioiuly  keenly  attentive  toliis 
sunoundings  «s  well  as  to  the  responsible  duties  of  Iris  ofiiee.  The  .moi9> 
ment  of  another  fish  in  the  water,  or  of  a  person  standing  in  front  of  the 
glass  pkte  ol  the  tank  was  sharply  watched.  If  the  hand  or  iaoe  or 
a  handkerchief  was  approatihed  towards  the  glass,  the  little  knnpRiekBr 
came  up  over  the  eggs  with  eagerness  and  celerity,  and  remained  thete  in 
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an  «Mitnde  of  watehf  ulness.  If  the  hand  was  plaeed  on  the  g^aas  naar  the 
eggs,  hrmadra  furious  ehargt  at  it;  with  so  Rnieh  forot,  indeed^  in  the 
•arlj  dajB  of  hia  long  guiffd,  that  he  obfvioii^  hart  hie  snout. 

Thim  wa»  repeated  again  and'  again,  anci  dnj  after  day.  If  anyone 
entered  the  tank-house  and  came  within  five  or  six  yards  of  the  tank,  he 
was  obeenrad  by  the  alert  Kttle  senirmel,  who  raee  up  and  watefaed'  him. 
When  the  attendant  bared  his  arm  and  plunged  it  into  the  water  to  place 
a  iM  ateae^behind  the  eggs  (so  Hiat  the  aetiona  of  the  llsk  might  be  bettor 
eftaervedaB  he  netoil  upen  it  at  a  higlter  lere})^  hie  arm  waa  ehaiged:witii 
aaeh.fnry  that- it  was  fbrcibly  dtiTon  against  the  front  of  the  tank.  The 
guarding  male  showed  the  eourage,  ferocity,  and  tenacity  of  a  bulldog, 
whieh,  mdeed)  he  somewhat  reeembled)  with  hia  ugly  visage,  heavy  jaws, 
and  real^eeaty  moving  eyes,  the  whites  of  which  were  often  eipoaed  and 
oonapiououB  against  the  dark  colour  of  his  cheeks.  Hia  capacity  as 
a  defender  of  the  eggs  lay  more  in  his  power  of  butting  than  of  biting,  for 
which  his  moutir  ia  not  well  adapted.  All  attempta  to  drive  him  off  were 
futile.  When  a  stick  was  pushed  down  into  the  water  towards  him  he 
shoved-  it  away  with  his  snout,  or  charged  at  it. 

Daring  the  two  months  that  the  eggs  were  under  his  care,  the  patient 
and. devoted  parent  never  left  them,  except  for  a  moment  now  and  again 
to  pursue  the  other  male.  He  could  neither  be  driven  away  by  menace 
nor  enticed  away  by  guile.  The  most  savoury  mussels,  which  were 
greedily  swallowed  by  the  other  lumpsuckers,  did  not  tempt  him.  On  the 
eontmry,  if  one  were  allowed  to  sink  near  him  or  the  precious  eggs,  he  took 
it  in  hia  mouth,  swam  rapidly  towards  the  middle  of  the  tank,  and 
promptiy  ejected  it  tiiera,  returning  immediately  to  his  post.  Until 
almoet  the  close  of  his  vigil  he  ate  nothing. 

Rib  conduct  towardis  the  other  occupants  of  the  tank  was  very  interest- 
ing. Occasionally  a  flounder  would  swim  lazily  and  aimlessly  round  the 
tank.  The  moment  it  approached  the  eggs,  the  lumpsucker  turned 
swiftly  towards  it,  nnd,  if  necessary,  headed  it  off.  Kow  and  then  he 
would  make  a  sudden  dash  at  the  trespasser,  who  precipitately  retreated. 
The  flounders  soon  came  to  understand  the  poettion,  and  avoided  the 
eemer  where  the  eggs  were  lying;  they  chose  to  occupy  the  other  side  of 
the  tank,  preferring  the  company  of  the  old  lobster,  though  he  was  in  the 
habit  of  catching  one  of  them  by  stealth  occasionally  and  devouring  it. 
Hia  quiet,  sly,  diplomatic  ways,  though  really  more  dangerous,  were  leas 
alarming  to  them  than  the  furious  but  harmless  assaults  of  the  lumpeucker. 

Of  special  interest  was  the  conduct  of  the  two  males  tow«rds<  one 
another.  By  rights,  it  may  be  supposed,  and  under  ordinary  cireum- 
itaaeeaj  eaeh  mass  of  eggs  would  have  been  guarded  by  a  male  fish,  and 
piobably  fertilised  by  him  alone.  But  owing  to  the  two  fbmales  having 
had  tiieir  eggs  in  Uie  same  comer — for  whatever  reason — ^a  conjoined 
guaidiaaehip  was  only  possible  if  friendly  feelings  existed  between  the  two 
malsa.  This  waa  far  from  the  case.  The  male  which  had  obtained 
poaaesaion  of  the  eggs  showed  throughout  the  whole  period  die  most 
laneourous  and  persistent  animosity  to  the  unattached  one.  The  latter, 
on  the  other  hand,  displayed  the  greatest  fear  of  his  sncceaaaful  rival. 

It  may  be  aupposed  that  in  the  night  when  the  females  were  spawning, 
er  about  to  ^Mwn,  the  two  males  engaged  in  a  combat  or  contest  for  the 
privilege  of  fertilising  the  eggs  and  guarding  them.  The  one  which  was 
worsted  in  the  nuptial  fight  never  regained  courage  to  attempt  further 
conteat  for  his  rights,  but  displayed  a  most  craven  spirit  from  first  to  last, 
lurking  in  the  darkest  \mit  of  the  tank  as  far  from  his  rival  as  he  could  get. 

It  waa  aometiBea  poasible,  but  always  difficult,  to  drive  or  poalL  him  in 
ihe  direction  of  the  other  male  by  meana  of  a  stick.     He  waa  auire 
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readily  enticed  by  holding  mussels  in  front  of  him  under  the  surface  of 
the  water,  when  he  would  swim  after  them  as  they  were  slowly  with- 
drawn ;  but,  though  very  fond  of  mussels,  his  fear  of  the  oUier  male 
usually  subdued  his  appetite  before  he  had  gone  very  far,  and  he  turned 
back. 

Whenever  the  guarding  male  saw  his  late  opponent  movijig,  even  a 
comparatively  little  way  from  his  retreat,  he  rushed  at  him  with  the 
utmost  fury — I  was  not  previously  aware  tliat  so  clumsy  aud  usually 
sluggish  a  fish  could  swim  so  fast — ^and  the  other  male  made  off  with  equ^ 
speed,  and  often  attempted  to  jump  out  of  the  water,  or  was  partly 
knocked  out.  On  such  occasions  so  much  commotion  was  made  that 
waves  were  created  in  the  tank  and  the  other  fishes  were  alarmed.  These 
were  the  only  occasions  that  the  guardian  left  the  eggs  for  a  few  moments. 
The  animosity  was  kept  up  during  the  whole  period  of  the  experiment,  a 
fact  which  is  of  some  interest. 

The  females  took  no  part  at  all  at  any  time  in  looking  after  the  eggs^ 
as  some  authors  have  supposed  them  to  do.  They  lay  indolent  and  quiet 
at  the  back  of  the  tank  for  some  days.  On  the  2nd  April,  one  of  them 
began  to  swim  about  and  come  to  the  surface.  She  took  not  the  least 
notice  of  the  eggs  or  of  the  males,  nor  the  males  of  her.  £ven  when  she 
came  so  close  to  the  eggs  as  to  brush  them  with  her  fins,  the  male  merely 
looked  at  her,  or  moved  a  little  aside  to  let  her  pass. 

On  the  5th  April,  a  second  deposit  of  eggs,  comparatively  small  in 
quantity,  was  observed,  laid  over  the  top  of  one  of  the  other  clumps.  It 
had  been  deposited  during  the  night  by  one  of  the  females.  Three  of  the 
usual  dimples  or  cup-like  depressions  were  noticed  on  the  surface  of  them, 
caused  no  doubt  by  the  fondling  snout  of  the  male. 

On  the  15th  April,  attempts  were  again  made  to  induce  the  sentinel 
male  to  eat  mussels.  He  took  no  notice  of  those  dropped  at  some  dis- 
tance ;  if  they  came  near,  or  fell  on  the  eggs,  he  seized  them,  swam  a  foot 
or  two  away,  and  ejected  them.  Very  different  was  one  of  the  females, 
who  devoured  them  in  great  numbers,  as  did  also  the  other  male,  if  within 
what  may  be  called  his  safety-zone,  all  his  actions  being  dominated  by 
fear  of  the  guarding  male.  The  second  female,  perhaps  the  one  which 
had  recently  deposited  the  eggs  referred  to,  still  lay  quiescent  at  the  back 
of  the  tank,  and  did  not  attempt  to  seize  mussels.  The  active  female 
showed  the  greatest  indifference  to  the  lobster,  and  when  by  accident  she 
touched  his  open  claws  he  merely  withdrew  a  little  further  into  his  hole. 

From  the  first,  the  guarding  male  was  observed  to  fan  gently  the  mass 
of  eggs  with  his  breast  fins,  clearly  for  the  aeration  of  the  eggs,  but  for 
some  time  the  action  was  leisurely  performed  and  was  by  no  means  so 
striking  as  it  became  later.  It  is  certain  that  the  duties  of  the  male  is 
not  confined  to  guarding  the  spawn  from  foes,  but  that  an  important  part 
of  them  include  the  aeration  of  the  eggs  by  creating  currents  through  the 
mass,  and  the  keeping  of  them  clean.  It  is  indeed  a  little  surprising  how 
a  sufficient  supply  of  oxygenated  water  cau  reach  the  interior  of  the  compact 
mass  by  the  narrow  and  tortuous  channels  which  exist  between  the  adhering 
eggs.  The  mass  may  be  six  or  seven  or  more  inches  in  diameter.  It  is 
probable  that  under  natural  circumstances  the  surging  movement  of  the 
tides  is  the  most  influential  agent  in  effecting  this.  At  all  events,  from 
the  early  part  of  April  onwards,  the  male  lumpsucker  kept  fanning  the 
spawn  with  more  zest  than  at  first.  And  on  the  10th  April  another 
action  was  for  the  first  time  observed.  Placing  his  mouth  about  an  inch 
or  so  from  the  spawn  he  spouted  water  out  upon  it,  the  action  of  the 
gill-apparatus  being  thus  reversed,  as  I  have  observed  also  in  plaice  with 
their  snout  above  the  level  of  the  water.* 

*  Ttoenty-tecQTid  Annval  JReportf  Part  III.|  p.  287. 
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This  curioas  action  was  most  purposive  and  effective.  The  carrent 
created  was  so  strong  as  to  sway  the  algn  growing  on  the  side  of  the  tank 
in  the  neighbourhood  as  well  as  the  tentacles  of  the  anemone,  and  even 
to  cause  the  whole  mass  of  eggs  to  rock  visibly  backwards  and  forwards. 
This  action  was  done  at  brief  intervals  and  from  this  time  onwards. 
Later,  when  the  eggs  were  hatching  it  was  redoubled,  and  great  activity 
was  shown  with  the  fins.  The  movement  thus  created  in  the  water  very 
probably  helped  the  escape  of  the  larval  fishes  from  the  eggs.  At  this 
time  the  ^pumping"  or  "blowing"  action  was  at  the  rate  of  fifteen  or 
sixteen  in  ten  seconds,  and  in  the  pauses  the  fins  were  kept  vigorously 
at  work. 

On  April  17th,  I  tried  an  experiment.  I  removed  the  devoted  lump- 
sucker  in  a  dip-net  and  placed  him  in  an  adjoining  tank  of  the  same 
dimensions,  in  which  were  a  few  dabs  (which  were  greatly  alarmed). 
After  turning  round  once  or  twice,  as  if  to  get  his  bearings,  he  swam 
towards  the  corner  where  he  expected  the  eggs  to  be  and  paused  about  a 
foot  away.  He  then  swam  up  to  a  stone  at  the  back  of  the  tank  and 
paused  again ;  he  next  moved  restlessly  all  round  the  tank,  and  came 
back  once  more  to  what  appeared  to  be  the  familiar  comer ;  then  he 
moved  slowly  towards  the  other  comer  and  lay  quietly  on  the  bottom, 
having  apparently  abandoned  the  quest. 

Meantime,  I  endeavoured  to  get  the  other  male  to  undertake  the 
guardianship  of  the  eggs.  He  was  driven  gradually  to  the  comer  where 
they  lay,  and  paused  a  moment,  but  rather,  it  may  be  conjectured,  with 
surprise  at  the  absence  of  his  foe  than  from  any  impulse  to  attend  to 
them.  The  experiment  was  repeated  with  a  like  result,  no  inclination 
being  shown  by  this  male  to  assume  the  duty.  Whether  he  would  have 
done  so  later  may  only  be  conjectured.  Finally,  I  placed  this  male  in 
the  other  tank  beside  the  proper  guardian  in  older  to  see  whether  the 
latter  would  attack  him  in  the  absence  of  the  eggs.  He  did  not.  He 
merely  looked  at  him,  without  making  any  attempt  to  approach  or 
pursue  him.  On  the  other  hand,  the  newcomer  recognised  his  enemy, 
and  rushed  off  as  before,  but  finding  that  he  was  not  pursued,  he  soon 
settled  down  and  approached  the  other  male,  who  took  not  the  least 
notice  of  his  presence. 

Both  males  were  then  put  back  into  the  tank  containing  the  eggs.  The 
guardian  at  once  sought  for  them  and  resumed  his  duty,  and  with  it 
also  his  animosity  to  the  other  male,  and  the  old  relationship  was 
re-established. 

Towards  the  end  of  April  the  conditions  were  the  same  as  before,  the 
sentinel  lompsucker  "  blowing ''  and  fanning  the  eggs,  refusing  mussels, 
removing  them  from  near  the  eggs  if  dropped  there,  chasing  away 
wandering  flat-fishes  and  relentlessly  pursuing  the  other  male,  and  coming 
np  angrily  and  aggressively  when  one  approached  the  front  of  the  tank. 

By  this  time  the  egg  masses  had  become  very  dark,  owing  to  the 
development  of  black  pigment  in  the  now  well-advanced  embryos.  The 
masses  at  first,  as  stated,  were  pink ;  this  tint  faded  and  they  appeared 
pale  green,  whitish,  then  dirty  amber-coloured,  and  then  dark,  for  the 
reason  mentioned. 

The  colours  of  the  males  were  also  different.  The  one  that  was 
guarding  the  eggs,  and  had  probably  fertilised  them,  had  lost  his  bright- 
ness and  was  dingy,  while  the  other,who  most  likely  had  not  spawned, 
possessed  the  red  colour  on  his  fins  and  lower  part  as  vividly  as  at  first. 

More  than  a  month  had  elapsed  since  the  guarding  male  assumed  duty, 
and  during  that  time  he  had  eaten  nothing.  He  was  looking  thin  and 
and  was  infested  with  ecto-parisites  (Caligt),  and  appeared  sometimes 
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exkauBtad  by  hia  oneioits  taek  and  proloogfed  fast.  That  tfiift  w^  not 
eftlimlsr  due  to  thes*  causM.  was  shown  wiian  the  supply  o£  water  U^  Uie 
tank  was  increased,  and  when  it  was  diireeted  to  tus  comer*  iJter  a 
xeCceshment  of  this  kind  he  moved  rooad  about  with  Yigonr,  eaeyftjallor 
spootiag  water  on  the  eggs  and  fiwaiag  them  with  his  fins. 

Towards  the  end  of  the  mouth  he  took  a  mussel  oeeanenally  and 
swaUowed  it.  This  was  firet  noticed  on  the  26th^  and  on  some  d$ys  he 
ale  as  manj  as  five ;  any  excess  he  carried  off  and  ejected,  as  befiore;  and 
at  the  beginning  of  May  he  was  as  alerl^  active,  and  pugaaoiovaae  ever; 

On  one  day  at  this  time  I  dropped  on  the  top  of  the  egg-mass  a  UtUe 
common  swimming-crab,  about  \\  inches  in  breadth,  which,  appvehend- 
ing  danger,  clung  tightly  in  one  of  the  snout-dapressions  on  the  surface 
of  the  eggs.  It  was  amusing  to  watoh  the  lumpsucker  inefifootually.  ti;ying 
to  rout  him  from  the  hollow  in  which  he  had  taken  refuge,  the  blunt 
snout  of  the  fish  preventing  a  hold  being  got  on  the  crab.  His  tried  again 
and  again  to  dislodge  or  seize  the  crab.  At  last  the  orab  tamed  partl|y 
on  its  side,  and  extended  its  widely-opened  chelae  as  if  to  defend  itself, 
which  gave  the  fish  its  opportunity.  It  seised  the  crab  in  its  mouth  and 
swam  off  with  it  to  the  furthest  comer  of  the  tank,  where  it  dropped  ik 

Early  in  the  experiment  the  outer  fire-clay  pipe  was  removed  and  an 
apparatus  fitted  up  to  the  overflow,  so  that  all  the  water  leaving  the  tank 
passed  through  two  boxes  with  fine  rilk-gause  bottoma  This  was  to 
retain  the  larval  ]um|)8uckers  when  they  issued  from  the  eggs.  The 
first  of  these  was  got  on  5th  May,  43  days  after  the  eggs  were  deposited 
and  fertilized.  The  daily  temperature  of  the  water  during  thia  period 
may  be  seen  by  reference  to  the  tables  on  pages  113  and  284.  Whon 
the  eggs  were  spawned  it  was  42*5 °F;  in  April  it  varied  from  41*5^ 
to  46"" ;  and  at  the  end  of  the  month  was  i3-7''F.  and  45""^,  rising  to 
44-6''  and  47  ""F.  in  the  first  week  of  May. 

For  the  first  fow  days  after  the  5th,  the  tadpole-like  larval  lumpsudiars 
were  found  in  small  numberi*  in  the  overflow-filter  every  morning,  and 
they  slowly  increased  in  numbers.  They  were  very  active,  swimming 
with  great  rapidity  by  a  lashing  movement  of  the  tail,  a  lai^  yolk 
containing  an  oil  globule  at  the  right  side  being  conspicuous. 

At  this  time,  as  I  have  mentioned,  the  male  parent  was  most  assiduous 
in  liis  attention  to  the  egg-masses,  redoubling  his  activities  both  in  fanning 
and  "blowing"  upon  the  eggs.  He  ate  mussels  sparingly,  sometiases 
fasting  for  a  few  days,  and  carrying  off  and  ejecting  the  proffered  food. 
He  also  continued  to  chase  the  other  male  and  drive  off  intruders. 

Up  to  the  22nd  May,  or  almost  exactly  two  months  from  the  time  the 
eggs  had  been  spawned,  and  serenteeen  days  after  they  had  begun  to 
hatch,  the  conditions  described  continued.  The  young  lumpsuekers  w«re 
appearing  in  greater  numbers,  but  still  not  in  such  abundance  as  one 
might  have  expected.  The  largest  number  was  about  two  or  three 
hundred  in  a  day.  They  were  also  to  be  seen  adhering  to  the  glass  front 
of  the  tank,  and  numbers  were  thus  accounted  for.  None  were  obser? ed 
on  the  back  of  the  male,  a  habit  sometimes  attributed  to  them. 

It  was  now  noticed,  however,  that  many  of  the  larval  lumpsuekers  wcsre 
dead  and  white,  and  these  were  also  seen  floating  in  the  water.  On 
examination,  it  was  found  that  the  condition  of  the  tank  was  unsatisfac- 
tory ;  it  was  obviously  rather  dirty  from  an  accumulation  of  weed  and 
refuse,  and  had  probably  too  many  occupants  for  the  experiment,  and 
when  the  egg-masses  were  examined  their  lower  parts  were  found  to  be 
black  and  fetid,  a  circumstance  that  explained  the  presence  of  the  dead 
and  whitened  young  lumpsuekers.  Clearly  the  aeration  had  not  been 
sufficient  for  the  in^rlor  of  the  ^-masses.      The  supply  of  water  to  the 
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tank  was  increased,  but  it  was  judged  that  that  would  not  suffice,  and  the 
blackened  partd  of  the  spawn  were  torn  off,  the  portions  that  seemed  in 
good  condition  being  replaced  in  their  old  position.  The  spell,  however, 
was  broken.  The  male  did  not  resume  his  attention  to  the  eggs,  the  mass 
of  which  was  indeed  much  broken  up  and  diminished  in  size.  He  pushed 
some  of  the  pieces  about  the  tank  and  withdrew.  Both  he  and  the  eggs 
were  placed  in  another  tank,  without  any  better  result  He  pushed  the 
pieces  about  a  little  and  left  them.  And  when  the  other  male  was 
introduced,  he  seemed  oblivious  to  its  presence ;  his  animosity,  at  first 
associated  no  doubt  with  reproduction  and  fertilisation,  and  then  with  the 
care  of  the  eggs,  had  quite  departed. 

On  examining  the  portions  of  the  egg  masses  that  remained,  the  surface 
was  found  to  be  flocculent  from  the  empty  egg-shells  from  which  the 
young  fishes  had  escaped,  most  of  which  were  still  attached  to  it.  On 
the  other  hand,  the  interior  of  the  mass  was  solid,  the  eggs  all  containing 
embryos,  some  of  which  had  died,  but  many  were  subsequently  hatched 
out  in  jars.  From  an  early  period  some  of  the  eggs,  but  not  many,  next 
the  glass  in  front  of  the  tank,  were  observed  to  be  white  and  opaque 
(dead),  but  they  did  not  decay. 

The  difficulty  of  hatching  the  eggs  of  the  lumpsucker  was  pointed  out 
previously  by  M'Intosh,  who  stated  that  in  tanks  they  speedily  acquire  a 
fetid  odour,  that  the  death  of  a  few  causes  putrefaction  of  the  whole,  and 
that  they  had  not  yet  been  hatched  out  in  tanks.*  He  does  not  give  any 
particulars  as  to  the  dirneosions  of  the  tanks  or  the  flow  of  water,  but 
probably  the  chief  difference  between  his  experiments  and  that  described 
here  was  that  the  male  in  the  latter  case  was  constantly  engaged  in  tending 
the  eggs,  which  shows  how  efficient  that  attention  may  be. 

The  hatching  of  the  eggs,  so  far  as  it  was  accomplished  in  the  tank 
under  the  care  of  the  male,  extended  from  the  5th  to  the  22nd  of  May, 
or  seventeen  days.  The  greater  number  were  still  uuhatched  on  the 
latter  date.  It  seems  a  long  period,  considering  that  the  eggs  were 
deposited,  and  no  doubt  fertilised,  at  practically  the  same  time.  Under 
natural  circumstances,  it  is  probable  that  the  time  taken  for  the  batching 
of  all  the  eggs  is  prolonged,  for  it  is  difficult  to  understand  how  the  larv» 
could  make  their  way  from  the  interior  of  the  mass  by  the  narrow  channels 
between  the  eggs  if  the  eggs  there  were  batched  as  soon  as  those  on  the 
exterior.  The  condition  of  the  masses  shows  that  this  does  not  occur,  and 
that  hatching  proceeds  from  the  outer  surface  inwards,  a  process  which  must 
take  a  considerable  time.  It  seems  very  likely  that  the  development  of  the 
eggs  towards  the  centre  of  the  mass  is  retarded,  owing  to  defective  or 
inferior  aeration  there,  compared  with  the  eggs  on  the  surface  and  near  it ; 
and  that  this  is  related  to  the  gradual  disintegration  of  the  outer  surface 
as  the  eggs  hatch  there,  and  a  pathway  of  escape  is  opened  to  the  larvae. 

One  could  not  fail  to  be  impressed  with  the  advantage  to  the  species 
of  this  guardianship  of  the  eggs  by  the  male  fish.  Numerous  foes  must 
be  driven  ofi  and  the  eggs  preserved,  and  I  do  not  think  the  story  of 
Fabricius,  that  the  lumpsucker  under  such  circumstances  will  attack  the 
wolf -fish,  need  be  doubted.  The  courage  and  pugnacity  of  this  usually 
docile  and  inofifensive  fish  seem  boundless  when  it  is  protecting  its  eggs, 
and  in  contests  of  this  kind  it  not  infrequently  happens  that  courage  and 
determination  count  for  as  much  as  strength  and  the  power  of  inflicting 
real  injury. 

The  conclusions  from  the  experiment  may  be  thus  summarised : — 
(1)  The  male  alone  defends  the  eggs,  the  female  taking  no  part 
whatever  in  protecting  them, 

*  Annual  JUpcrts  Fiihery  Board  for  Scotland^  drd,  p.  60  ;  14th,  p.  272. 
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(2)  The  guardianship  is  prolonged  till  the  eggs  hatch,  probably  till 

all  are  hatch^,  a  period  exceeding  two  months  in  duration. 

(3)  The  male  not  only  protects  the  eggs  from  enemies,  but  is  con- 

stantly engaged  in  cleansing  and  aerating  them,  both  by  the 
movement  of  his  fins  and  by  spouting  currents  of  water  upon 
them  from  his  mouth. 

(4)  He  removes  from  them  or  their  immediate  neighbourhood  foreign 

bodies  which  might  injure  them,  and  carries  them  to  a  distance. 

(5)  The  male  fasts  during  at  least  the  greater  part  of  his  long  vigil, 

but  begins  to  feed  towards  its  close. 

(6)  He  drives  away  other  males,  and  displays  great  auimoeity  to 

them  throughout  the  whole  period. 

(7)  This  animosity  is  shown  only  when  the  eggs  are  present 

(8)  The  period  of  incubation  may  extend  over  40  days. 

(9)  The  hatching  of  the  eggs  is  also  prolonged  and  gradual,  those  at 

the  surface  of  the  mass  hatching  first,  and  those  at  the  centre 
last ;  and  this  difference  in  the  rate  of  development  is  probably 
correlated  with  a  difference  in  the  degree  of  aeration  or  oxy- 
genation of  the  eggs,  the  better  oxygenated  hatching  first. 


F.  B.  KBPOBT.  190S. 


Theiigure  in  a  reproduction  of  a,  photograph  taken  by  Dr.  Williamson  through 
the  gUsa  front  of  the  tank,  and  shows  the  eggn  and  mala  in  situ.  The  male  Inmp- 
Butker  (a)  occiipieH  a  positioji  which  he  often  took  up,  adhering  to  the  side  of  tbe 
tank  abot'e  the  eggs.     His  outline  ia  Homewhat  l)lurred,  owing  to  movement  while 
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VIIL— ON  THE  RATE  OF  GROWTH  OF  FISHES.  By  T.  W. 
Wemyss  Fulton,  M.D.,  F.R.S.E.,  Superintendent  of  Scientific 
Investigations. 

(Plates  XII.,  XIII.) 
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Introduction. 

For  a  considerable  number  of  years  special  attention  has  been  devoted 
to  the  stndy  of  the  growth  of  fishes  by  the  scientific  department  of  the 
Board.  In  1889,  I  began  observations  on  this  subject  by  Iwo  methods, 
(1)  by  marking  fishes  (plaice,  dabs,  lemon  dabs,  brill,  turbot,  cod,  &c)  by 
attaching  to  them  brass  labels  bearing  a  number,  the  method  which  is 
now  60  largely  used  in  connection  with  the  international  investigations, 
and  then  returning  them  alive  to  the  sea ;  in  the  case  of  the  herring,  by 
removing  a  portion  of  the  caudal  fin ;  (2)  by  keeping  the  fishes  in  tanks, 
and  noting  the  changes  that  occurred  from  time  to  time  in  their  length  . 
and  weight.* 

Since  then  very  many  fishes  have  been  dealt  with  by  another  method — 
viz.,  by  collating  the  measurements  of  large  numbers  of  each  species,  by 
which  the  earlier  scries  or  generations  can  be  separated  from  one  another 
and  the  rate  of  growth  ascertained,  the  measurements  grouping  themselves 
into  curves  or  waves.  This  method  was  used  to  a  limited  extent  by 
Miescher  Ruesch  in  his  classic  studies  on  the  salmon  of  the  Rhine,  and 
by  other  observers,  as  Ljungman,  in  studying  the  growth  of  the  herring. 
These  observers,  however,  did  not  classify  the  measurements  in  a  scientific 
manner,  which  was  first  done  by  Dr.  C.  G.  J.  Petersen,  who  thus  placed 
an  important  method  at  the  service  of  investigators. 

Species  Dealt  With. 

In  the  course  of  my  investigation  on  growth  during  recent  years,  a  large 
number  of  fishes  have  been  dealt  with — viz.,  nearly  209,000,  belonging  to 
21  species.     The  results  in  regard  to  many  of  them  have  been  given  in  a 

*  "An  Experimental  InToatigation  un  the  Migrations  and  Rate  of  Growth  of  the  Foo4- 
FiihM,"  Eleventh  Annual  /2«^,  Part  III.,  p.  117. 
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series  of  papers  in  the  Annual  Reports  of  the  Board.*  The  numbers  of 
the  various  species  measured  for  this  work,  and  already  dealt  with,  are  as 
follows : — 


Plaice,        - 

17,950 

Gurnard,     - 

5,495 

Common  Dab.    - 

26,230 

Norway  Pout, 

7,192 

Flounder,    - 

231 

Hake,          ~      - 

571 

Lemon  Dab, 

2,201 

Herring, 

19,806 

Witch,        -      - 

3,422 

Sprat, 

6,473 

Long  Hough  Dab, 

20,261 

Grey  Skate,  .     - 

432 

Turbot, 

212 

Angler, 

722 

Brill,           -       - 

807 

Armed  Bullhead, 

1,312 

Cod,            -       - 

7,176 

Lesser  Weever, 

417 

Haddock,    - 

28,760 

Lumpenus 

738 

Whiting,     - 

58,164 

Numerous  measurements  of  other  forms,  as  halibut,  megrim^  ling,  pollack, 
coalfish,  tusk,  catfish,  have  also  been  made,  and  will  be  dealt  with  later. 

Most  of  the  fish  were  measured  on  board  commercial  steam-trawlers, 
engaged  either  in  trawling  investigations  In  territorial  waters  or  in 
commercial  fishing  in  the  North  Sea. 


Methods. 

In  a  previous  papert  I  gave  a  full  account,  with  illustrations,  of  the 
method  adopted  in  collecting  and  measuring  the  fishes.  Besides  this 
method,  there  is  no  doubt  that  much  may  be  learned  by  keeping 
fishes  in  confinement,  and  measuring  and  weighing  them  from  time 
to  time,  for  comparison  with  those  obtained  on  the  fishing  grounds,  and 
this  has  been  dona  Another  method,  referred  to  above — viz.,  labelling 
the  fish — has  also  in  certain  cases  given  good  results,  most,  perhaps,  with 
flat-fishes.  Recently  a  fourth  method  has  been  employed,  especially  in 
Germany,  by  the  examination  of  the  markings  on  the  scales,  otoliths  or 
ear-stones,  and  bones.  It  has  also  been  used  in  the  international  investi- 
gations in  this  country  by  Garstang  and  Wallace,  with  reference  particularly 
to  the  growth  of  the  plaice,  and  the  results  agree  with  those  obtained  by 
a  study  of  the  measurements.^ 


Comparison  Bbi^ween  Different  Species. 

While  one  general  result  of  the  investigations  on  the  rate  of  growth  of 
fishes  has  been  to  show  that  they  do  not  grow  so  fast  as  was  generally 
believed,  it  has  been  made  clear  that  different  species  may  increase  at 
different  rates,  apart  from  differences  in  size.  In  fishes  which  undergo  a 
marked  metamorphosis,  growth  is  sometimes,  and  perhaps  always,  slow, 
especially  at  early  periods.  It  is  thus  with  the  plaice  and  other  flat-fishes, 
with  the  eels,  and  with  the  herring  and  sprat.  Among  round-fishes,  as 
the  cod,  the  haddock,  and  the  whiting,  on  the  contrary,  growth  is  com- 
paratively rapid.  A  young  haddock  grows  many  times  faster  than  a 
plaice. 

With  regard  to  the  age  at  which  fishes  attain  mature  size  and  begin  to 
reproduce,  similar  differences  exist.     So  far  as  the  investigation  has  gone, 

♦lf»th,  20th,  2l8t,  22nd. 

t  Twentieth  Annual  Report,  Part  III.,  pp.  226-334. 

X  North  Sea  Fisheries  Investi^tion  Committee.     Report  {No.  f,  Southern  Area)  on 
Fiikery  and  ffydrograpKtcal  Investigations  in  the  North  Sea  and  Adjacent  Wattrt. 
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no  sea  fish  has  heen  found  to  attain  the  mature  condition  in  the  first 
year  of  its  life,  or  before  the  close  of  its  second  year.  Some  spawn  for  the 
first  time  at  the  end  of  their  second  year,  i.e.,  when  two  complete  years 
of  age.  These,  as  a  rule,  are  the  smaller  species,  as  the  sprat,  the  armed 
bullhead,  the  Norway  pout,  and  the  lesser  weever ;  but  this  class  includes 
also  the  whiting,  which  reaches  maturity  with  comparative  rapidity. 

Among  those  which  spawn  for  the  first  time  at  the  end  of  their  third  year 
must  be  included  the  haddock,  though  some  of  these  may  reach  maturity 
at  the  close  of  two  years,  the  common  dab  and  the  long  rough  dab. 
Amongst  the  latter  two  species,  indeed,  the  male  comes  to  maturity  a  year 
earlier  than  the  female,  when  two  years  of  age,  a  phenomenon  common  to 
most  flat-fishes 

Thus,  with  the  witch,  the  male  matures  at  three  years  and  the  female 
at  four  years ;  among  plaice  the  male  matures  at  four  years  and  the 
female  at  five.  Among  round  fishes,  on  the  other  hand,  the  two  sexes 
reach  maturity  at  the  same  age. 

The  cod  does  not  attain  its  mature  condition  before  the  completion  of 
its  fourth  year,  while  such  large  flat'fishes  as  the  turbot,  halibut,  and  brill 
take  a  longer  time — the  turbot  probably  not  before  it  is  seven  years  old, 
and  the  brill  not  before  it  is  fi^^  or  six.  The  approximate  age  at  which 
the  angler  first  spawns  is,  as  the  minimum,  four  years  for  the  male  and  five 
years  for  the  female. 

How  many  years  fish  live  after  they  reach  sexual  maturity  it  would  be 
difficult  to  decide ;  but  it  is  certain  that  in  most  cases  the  duration  of 
reproductive  life  greatly  exceeds  the  immature  period.  The  method  of 
determining  the  age  by  a  study  of  the  measurements  is  not  well  suited  to 
solve  the  question,  owing  to  the  fusion  of  the  groups  from  the  variations 
in  the  rate  of  growth,  and  it  is  here  that  the  method  of  estimating  the 
age  by  the  markings  or  number  of  zones  on  the  hard  structures  may  be 
of  special  advantage.  Fishes  of  a  size  above  the  normal  limit  for  the 
species  are  very  old.  When  dealing  with  the  plaice  in  a  previous  report* 
I  remarked  that  the  largest  specimens  I  then  described  must  be  sixteen 
years  old,  but  Professor  Heincke,  from  an  examination  of  the  bones  of  the 
gill-cover,  concludes  that  such  individuals  are  twenty  years  old  and  more. 

Inpluencb  of  External  Conditions. 

Among  the  conditions  which  influence  growth  the  most  important, 
apart  from  quantity  of  food,  appears  to  be  temperature.  Direct  experi- 
ments on  this  point,  by  keeping  fishes  in  water  of  difierent  temperature, 
are  described  in  the  Twenty -second  Annual  Report,  where  it  is  shown 
that  those  in  the  water  that  was  warmest  grew  much  faster  than  those  in 
colder  water.  Previous  experiments  in  tanks,t  in  which  the  fish  were 
retained  over  winter  and  supplied  with  water  from  the  beach  at  the  ordinary 
temperatures,  proved  that  the  growth  of  plaice  of  13  and  14  inches  and 
of  dabs  is  almost  or  quite  arrested  in  January  and  February.  It  has  also 
been  shown  that  the  growth  of  small  plaice  and  dabs  on  the  beaches 
ceases  in  winter,  and  that  among  such  round  fishes  as  the  haddock  and 
whiting  the  retardation  of  growth  is  marked  in  the  early  months  of  the 
year,  when  the  temperature  is  low,  the  growth  of  these  fishes  taking  place 
mostly  in  a  few  months  in  summer. 

With  regard  to  the  whiting,  I  have  been  struck  with  the  attenuation 
shown  by  many  individuals  examined  in  the  early  part  of  the  year,  and 
I  think  it  is  not  improbable  that  the  storage  of  fat  in  the  muscles  and  the 
liver  of  fishes  during  summer  and  autumn  is  not  merely  for  supplying 

•  2'weniuth  Annual  Report^  Part  III.,  p  357. 
+  EUvtnik  Annual  Report,  Part  III.,  p.  193. 
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material  for  the  growth  of  the  reproductive  organs,  as  is  commonlj 
supposed,  hut  is  also  connected  with  maintaining  their  nutrition  oyer  the 
colder  portion  of  the  year.  Fat  is  often  got  in  immature  fishes  in 
quantities,  as  in  the  herring  and  Norway  pout,  for  example.* 

There  are  reasons  for  the  helieft  that  growth  is  modified  with  respect 
to  period  and  amount  in  the  deeper  waters  of  the  northern  part  of  the 
North  Sea,  compared  with  the  waters  near  the  coast,  but  to  what  extent 
the  growth  of  fi3hes  in  the  sea  in  deep  and  moderately  deep  water,  as  ou 
the  fishing  banks  in  the  North  Sea,  is  affected  by  the  changes  in  the 
temperature  of  the  water  is  not  yet  clear,  there  being  a  want  of  sufficient 
observations  as  to  the  changes  in  the  temperature  that  actually  occur 
there. 

It  is  clear  that  a  knowledge  of  the  changes  in  temperature  that  take 
place  is  necessary  to  understand  not  only  the  growth  of  fishes  and  its 
variation,  but  their  biology  generally.  All  the  other  observations  ought 
to  be  correlated  with  the  temperature  changes,  just  as  the  biological 
changes  on  land  are,  and  what  is  wanted  is  a  calendar  of  physical 
conditions  throughout  the  year  to  which  the  biological  observations  may 
be  referred,  whether  they  relate  to  plankton,  food  of  fishes,  spawning 
periods,  development,  growth,  or  migrations. 

The  salinity  of  the  water  is  another  condition  which  probably  modifies 
growth  to  a  considerable  extent,  and  it  is  not  unlikely  that  it  is  one  of 
the  causes  which  produce  a  change  in  the  range  of  size  and  the  average 
size  ki  species  in  certain  localities.  Some  fishes,  as  the  plaice,  the  dab, 
and  the  lesser  weever,  I  have  found  to  be  of  smaller  dimensions,  and  of 
slower  growth,  in  the  Sol  way  Firth,  where  the  salinity  is  reduced,  than 
on  the  Fast  Coast,  and  the  same  cause  probably  acts  on  other  forma. 
The  subject  is  one  which  has  not  yet  been  much  investigated. 


A  Law  of  Growth. 

During  the  researches  on  the  growth  of  fishes,  it  has  become  apparent 
to  me  that  there  exists  a  relationship  between  the  size  at  which  sexual 
maturity  occurrs  in  the  various  species  and  the  general  maximum  size 
to  which  they  attain.  It  may  be  expressed  in  one  way  by  saying  that 
ashes  approximately  double  their  size  and  increase  their  weight  about  eight 
times  after  they  have  reached  sexual  maturity ;  or  \hfit  fishes  attain  sexual 
maturity  when  they  reach  abotit  half  their  maximum  length  and  about 
one  eight  of  their  maximum  weight. 

It  cannot  be  said  at  present  that  the  law  is  more  than  approximately 
correct,  for  our  knowledge  of  the  precise  average  size  at  which  the  males  and 
females  of  many  fishes  first  spawn  is  as  yet  meagre — it  is  not  well  determined 
even  for  the  cod — and  the  same  is  true  as  to  the  general  maximum  size 
to  which  many  fishes  attain ;  a  limit,  moreover,  which,  in  some  instances 
at  least,  may  have  been  modified  by  the  action  of  man.  For  example, 
the  maximum  size  of  most  fishes  at  Iceland  is  larger  than  in  the  North 
Sea  at  present,  though  there  is  no  reason  to  suppose  that  growth  is 
quicker  there;  and  it  is  known  that  when  the  Dogger  Bank  was  first 
worked  by  trawlers  the  general  maximum  size  for  plaice  was  higher  than 
it  is  now. 

*  A  research  on  this  subject  is  at  present  being  made  for  the  Board  by  Dr.  No^'l  Paton, 
whose  inresti^^tion  of  the  changes  in  the  salmon  are  well-known,  as  well  as  one  on  the 
rate  of  digestion  in  fishes.  t  Twentieth  Annual  Rfportf  Part  III.,  p.  S94. 
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But  the  facts  are  sufficient  to  justify  the  statement  in  its  broad  sense, 
and  doubtless  the  extensive  investigations  now  being  carried  on  will  ere 
long  show  how  far  it  may  be  incorrect.  It  is  to  be  noted  that  it  applies 
to  the  fish  in  a  region  in  which  growth  is  naturally  modified ;  if  plaice, 
for  example,  reach  maturity  in  one  region  at  a  size  less  than  in  another, 
then  the  maximum  size  is  also  less.  It  is  the  same  with  the  males  and 
females  among  flat-fishes ;  the  males,  as  a  rule,  attain  the  mature  condition 
at  a  less  size  than  the  females,  and  their  maximum  growth  is  corres- 
pondingly curtailed.  As  the  maximum  size  of  a  species  of  flat-fish  is 
approached,  the  proportion  of  males  diminishes  and  the  proportion  of 
females  increases ;  and  all  the  very  large  individuals  are  females. 

I  give  in  the  following  Table  the  information  such  a9  it  exists  for  a 
number  of  species,  the  sizes  being  in  inches : — 


Species. 

Approximate  Size 
at  Maturity. 

Approximate  Age 
at  Maturity. 

Approximate 
Maximum  Sise. 

Exceptional 
Records  of  Sise. 

Female. 

Male 

Female. 

Male. 

Fema 

Male. 

Female. 

Male. 

Plaice,    . 

16-17 

13-14 

5 

4 

32 

■  •  • 

88i 

•  •  • 

Com.  Dab, 

n 

6 

8 

2 

15 

18 

17 

•  •■ 

Flounder, 

8-9 

... 

... 

... 

... 

18 

•  •  • 

Lemon  Dab,  . 

10 

8 

4(?) 

•  •  • 

20 

•  •  •                        •  •  • 

4 

Witch,   . 

11-12 

10-11 

4 

3 

23 

... 

241 

«  •  • 

Halibut, 

48 

30 

•  •  • 

•  •  • 

■ 

84 

... 

• 

Megrim, 

VA 

n 

•  •  • 

•  •  • 

24 

•  •  a 

•  •  » 

ft  •• 

L.  R.  Dab,     . 

^-'» 

... 

3 

2 

18-14 

12 

m 

... 

Turbot,  . 

17-18 

7    '        ...    ' 

1 

32 

(70 

lbs.) 

Brill,      . 

15 

... 

1 
0 

26 

... 

Cod,       . 

26-27 

... 

4-5    j 

(.5-58 

68 

... 

Haddock, 

11 

11 

8              ^    1 

25 

33 

Whiting, 

8i-9 

2 

2 

18 

... 

... 

Norway  Pout, 

4i 

... 

2 

■  ■  a 

s-^ 

... 

9f 

... 

Gurnard, 

9 

•  ■  ■ 

3 

... 

17-18 

.    -  • 

... 

Angler,  . 

30 

27 

6(f) 

4(?) 

•  •  ■ 

... 

a  •  • 

• .  • 

The  approximate  maximum  size  is  as  far  as  possible  derived  either  from 
market  measurements  or  from  fish  which  have  been  measured  on  trawlers. 


PLAICE  ( Pleuronectes  platessa). 

A  considerable  number  of  collections  of  plaice  were  measured,  partly 
from  Aberdeen  Bay  and  the  Moray  Firth,  as  well  as  from  the  Solway 
Firth  and  Lochfyne ;  special  attention  being  given  to  the  small  forms. 
The  total,  number  of  plaice  dealt  with  in  this  paper,  whose  measurements 
are  given  in  the  Tables  appended  is  11,385,  making  with  those  described 
in  the  previous  paper  an  aggregate  of  17,950. 
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LOOHFTNI. 


The  small  plaice  taken  in  Lochfyne  were  obtained  by  the  push-net  ou 
the  beaches  at  low  water,  that  is  to  say,  in  two  or  three  feet  of  water  at 
that  period  of  the  tide.  Those  dealt  with  here  were  got  in  July  and 
Augnst,  1901,  and  in  June  and  July,  1903,  the  aggregate  numbers  being 
4751  fish.  They  were  taken  at  several  different  places  in  the  loch,  as 
shown  in  Tables  I.~III.  (p.  243),  most  being  got  at  Inveraray,  Strachur, 
Big  Harbour,  and  Salen.  They  all  belonged  to  the  same  series,  the  fry 
of  the  year,  and  consideration  of  their  measurements  gives  an  indication 
of  the  rate  of  growth  at  this  stage  in  Lochfyne.  Taking  first  of  all  the 
catches  in  July  and  August,  1901,  it  will  be  seen  from  the  Tables  that 
the  push-nettings  in  July,  which  were  made  between  the  Ist  and  6th  of 
the  month,  resulted  in  the  capture  of  a  total  of  3529  small  plaice.  The 
sizes  ranged  from  12mm.  to  58mm.,  a  difference  of  46mm.  The  maximum 
numbers  were  ranged  about  2*5cm.  to  3cm.,  and  the  average  length  was 
computed  to  be  30*3mm.  (Plate  XII.). 

The  period  in  August  when  the  collections  were  made  was  from  the 
28th  to  the  31st.  The  numbers  were  smaller,  viz.,  556  fish.  They 
ranged  in  size  from  34mm.  to  88mm.,  a  difference  of  54mm.  The 
greater  numbers  were  ranged  about  50mm.,  or  more  than  20mm.  higher 
than  in  July,  and  the  average  size  was  calculated  to  be  55*9mm.,  or  an 
increase  of  25*6mm.  (as  near  as  possible,  1  inch)  in  the  period,  which 
may  be  placed  at  58  days  from  the  middle  of  the  one  series  of  collections 
to  the  middle  of  the  other  (Plate  XIJ.). 

It  is  noteworthy  that  in  some  of  the  collections,  most  noticeably  in 
July,  the  plaice  of  one  locality  were  sensibly  larger  than  those  of  others, 
a  fact  that  was  pointed  out  at  the  time  by  Mr.  Dannovig.  Taking  the 
four  chief  places  at  which  collections  were  made  in  that  month,  the  range 
and  averages  in  millimetres  are  as  follows : — 


Number  of 
Fish. 

Smallest. 

Largest. 

Average. 

InTeraray, 

1,168 

19 

58 

36-9 

Strachur,  .... 

668 

16 

51 

28-9 

Big  Harbour,    . 

822 

12 

61 

27  0 

Salen 

806 

14 

51 

26-1 

[Table. 
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The  contrast  between  two  of  the  places  may  be  brought  out  in  the 
following  manner  by  comparing  the  sizes  at  Inveraray  and  Strachur, 
reduced  to  percentages,  the  number  of  fish  being  in  the  former  case  1 1 63 
and  in  the  latter  668,  and  both  series  collected  on  the  same  days  (see 
fig.  3,  pi.  xii.) : — 


-_.-.  —  «      — . . 

Cm. 

Strachur. 

luTcraray. 

1 

■ 
- 

•5 

015 

_ 

2 

S'^jO 

0-08 

•6 

37 -PO 

2-90 

3 

35-90 

25-50 

5 

11-80 

37-40 

4 

4^ 

20-40 

•5 

100 

8-80 

5 

0-40 

3-60 

•5 

— 

110 

6 

- 

008 

It  may  be  said  that  in  August  the  average  size  and  the  minimum  size 
"^vere  also  larger  at  Inveraray  than  at  Strachur,  the  average  at  the  former 
palace  being  66'5mm.  and  at  the  latter  52*0mra.,  while  the  minimum  sizes 
"^^ere  48mm.  and  34mm.  In  the  collections  in  June  and  July,  1903,  the 
^stme  feature  is  repeated,  thus :  — 


1 

Date. 

Niiinl»er  of 
Fish. 

Smallest. 

Ijargest. 

Average. 

InY«»ramy,  . 

Juno  22 

86 

17 

47 

277 

Strachur,     . 

,.    24 

94 

15 

29 

19-94 

Inveraray,  . 

July  10, 11 

105 

17 

50 

80-4 

Strachur,     . 

.,    13 

50 

19 

57 

26-8 

The  explanation  put  forward  by  Mr.  Dannevig  to  account  for  this 
difference  was  the  probability  that  the  temperature  at  Inveraray  is  higher 
%han  at  Strachur,  owing  to  the  former  locality  being  less  affected  by  the 
deep-water  tidal  currents,  and  he  pointed  out  that  the  size  of  the  small 
plaice  at  the  top  or  upper  parts  of  the  loch  appears  to  be  slightly  greater 
than  at  the  lower  parts  near  the  mouth.  So  far  as  the  somewhat  limited 
observations  on  the  temperature  are  available  they  seem  to  show  a  rather 
Iiigher  temperature  at  Inveraray,  as  a  rule,  but  not  always. 

The  other  collections  referred  to  in  the  Tables  were  made  in  June  and 
July,  1903.  The  period  in  June  extended  from  the  22nd  to  the  26th, 
and  the  small  plaice  caught  numbered  218.  They  ranged  in  size  from 
15mm.  to  47mm.,  a  difference  of  32mm.,  and  the  average  length  was 
computed  to  be  23'9nim.  The  greater  number  ranged  about  20mm.,  but 
it  would  appear  from  the  curve  (fig.  2,  plate  XII.)  that  the  smaller  sizes 
were  not  fully  represented. 

In  July  the  collections  were  made  from  the  10th  to  the  13th.  The 
number  of  plaice  taken  was  448,  ranging  in  size  from  17nim.  to  57mm., 
the  average  being  29'Omm.,  or  only  about  5mm.  higher  than  in  June. 
The  interval  may  be  placed  at  about  18  days. 
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The  measurements  of  the  plaice  in  these  four  seriee  of  collections, 
reduced  to  [>ercentages,  are  as  follows  : — 


1903. 

1901. 

Cm 

KyWAM  • 

June. 

July 

July. 

August. 

1 

•1 

•5 

13-8 

•2 

1-8 

— 

2 

853 

8-9 

73 

— 

•6 

267 

32-8 

80-2 

— 

3 

17-8 

87-1 

29-3 

— 

6 

4-6 

14-5 

17-4 

1-8 

4 

1-8 

8-8 

87 

90 

•5 

1-4 

1-8 

3-6 

12-6 

5 

— 

M 

17 

201 

•5 

_ 

•2 

•4 

16-9 

6 

_ 

_ 

•03 

13-1 

6 

— 

.- 

— 

10-2 

— 

— 

— 

7-3 

•5 

_ 

_ 

— 

47 

8 

-. 

— 

— 

2-5 

■5 

— 

_ 

— 

1-4 

9 

— 

— 

4 

•18 

The  features  are  also  shown  in  the  curves.  It  b  probable  from  an 
examination  of  the  individual  collections  that  the  larger  forms  are  not 
sufficiently  represented.  They  no  doubt  move  out  into  pomewhat  deeper 
water  even  at  this  early  stage,  and  in  part  get  beyond  the  depth  at 
which  a  man  wades  in  using  the  push-net  at  low  tide. 

Aberdebn  Bay. 

A  number  of  collections  were  made  in  Aberdeen  Bay  by  means  of  a 
small  fine-meshed  shrimp  net,  used  from  a  yawl,  in  depths  usually 
ranging  from  3  to  6  or  7  fathoms.  The  measurements  of  these 
are  grouped  in  -5  centimetres  in  Table  IV.,  and  it  is  apparent  that, 
though  the  numbers  of  fish  are  in  no  case  large,  three  annual  series  or 
generations  are  at  least  indicated.  Thus,  there  is  represented  a  series 
ranging  from  2cm.  to  9cm.  or  10cm.  or  a  little  more  ;  another  from  15cm. 
or  16cm.  to  24cm.  or  25cm.,  and  a  third  from  about  27Qm.  to  34cm. 
These  are  best  seen  in  the  aggregates  for  March,  April,  and  May,  which, 
with  those  for  September  and  November,  as  grouped  in  centimetres 
measure  as  follows : — 


[Table. 
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Cm. 

March. 

April. 

May. 

September. 

November. 

1 

2 
8 

4 

- 

- 

2037 

— 

- 

2 

I 

1 

1 

1 

6 

7 

2 

15 

r 

- 

6 

2 

6 

16 

— 

1 

7 

2 

6 

8 

.. 

1 

8 

— 

3 

6 

2 

1 

9 

1 

4 

6 

— 

— 

10 

— 

-. 

_ 

— 

— 

11 

_ 

1 

2 

_ 

1 

12 

— 

1 

— 

— 

2 

13 

_ 

.■ 



— 

1 

14 



^ 



- 

— 

15 

— 

— 

1 

— 

— 

16 

— 

1 

1 

1 

— 

17 

— 

1 

1 

~ 

1 

18 



1 

_ 

- 

1 

19 

.- 

1 

- 

_ 

— 

20 

— 

_ 

1 

— 

— 

21 

— 

2 

1 

— 

— 

22 

_ 

2 



— 

— 

23 

- 

2 

_ 

— 

— 

24 

.. 

1 



— 

— 

25 

_ 

.. 

1 



1 

26 

_ 

_ 

_ 

— 

— 

27 

_ 

3 

— 

1 

1 

28 



3 

— 

— 

1 

29 

_ 

7 

— 

— 

8 

30 



2 

_ 

— 

1 

31 

_ 

6 

— 

— 

— 

32 

- 

1 

- 

— 

1 

33 

4 

— 

— 

84 

- 

1 

— 

.- 

- 

35 

— 

— 

-• 

— 

— 

It  ia  clear  that  the  small  plaice  ranging  from  about  4cm.  to  9cm.  in 
spring  belong  to  the  previous  year,  and  are  one  year  old  or  a  little  more. 
The  plaice  of  the  year  appear  on  the  sands  in  May  in  great  swarms.  On 
12th  May,  1904,  a  collection  of  717,  measuring  from  12mm.  to  18mm.,  was 
taken  on  the  sandy  bottom  in  Aberdeen  Bay  in  a  fine-nieshed  net  in  hauls 
made  in  from  4  to  7  fathoms.  On  18th  May  a  collection  of  1320  was 
taken  in  the  same  way  in  from  3  to  5  fathoms;  they  measured  up  to 
19mm.  and  20mm.  In  both  cases  several  of  the  specimens  were  incom- 
pletely metamorphosed.  Some  of  those  caught  on  12th  May  were  kept 
alive  in  a  tank,  and  on  July  7—56  days  afterwards — seven  of  them 
measured  26mm.,  24mm.,  24ram.,  23mm.,  21mm.,  19mm.,  and  17mm. 

From  these  records  it  appears  that  the  first  group  in  spring,  the  sizes  of 
which  range  mostly  about  5cm.  to  7cm.  or  8cm.,  is  about  one  year  of  age; 
the  second  group,  with  a  size  mostly  from  17cm.  to  possibly  22cm., 
represents  two-year-olds;  and  the  third  group,  ranging  mostly  about 
29mm.  to  32mm.,  is  at  least  a  year  older.  The  numbers  of  fish  are  not 
laige  in  any  of  these  collections,  and  the  precise  limit  between  one  series 
and  another  is  uncertain.  In  a  collection  made  on  9th  May,  1902,  in 
Aberdeen  Bay,  in  from  4  to  10  fathoms,  there  were  126  plaice,  of  which 
the  first  series,  over  one  year  old,  comprised  98  specimens,  ranging  in 
size  from  &7mm.  to  126mm.,  the  arithmetical  average  being  92'2mm , 
and  the  maximum  ordinate  on  the  base-line  in  the  curve  92'5mm.  The 
second  series,  which  was  imperfect,  comprised  28  specimens  from  140mm. 
to  227rom.,  the  average  of  this  lot  being  190'8mm.,  and  the  maximum 
ordinate  185mm.,  or  7^  inches.* 

*TwentiHh  Annual  Report^  Part  III.,  p.  863. 
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Dornoch  Firth. 

In  the  Dornoch  Firth  some  collections  of  small  plaice  were  also 
obtained,  the  particulars  of  the  measurements  being  given  in  Tables 
IV.  and  VI.  On  7th  December,  1904,  a  haul  in  from  4  to  9  fathoms 
yielded  182  plaice.  The  smallest  ranged  from  59mm.  to  98mm.;  there 
were  19  between  these  sizes.  There  were  also  13  measuring  from 
125mm.  to  145mm.  The  remainder  measured  from  173mm.  to  472mm. 
'i'he  first  group  is  evidently  the  fish  of  the  year ;  the  limits  of  the  other 
series  are  not  certain.  On  9th  February,  1905,  another  haul  with  the 
fine-meshed  net,  in  from  5|  to  10  fathoms,  yielded  355  plaice,  ranging  in 
length  from  5cm.  to  16r.m.,  and  distinguished  into  two  well  marked 
groups.  The  first  included  283  specimens,  measuring  from  52mm.  to 
99mm.  {2^-3j^  inches),  or  it  might  possibly  be  108mm.  (4J  inches),  the 
maximum  number  being  around  7cm.  {see  fig.  4a,  pi.  XII.).  The  average 
length  was  computed,  on  the  former  limit,  at  74mm.,  or  very  nearly 
3  inches.     If  at  the  larger  limit,  the  average  size  would  be  74*5mm. 

Qrouped  in  centimetres,  the  measurements  are  as  follows : — 

5        6       7        8       9        10       11        12        13       14        15        16 
8       f.9     115     78      19        6  7         14        21        19         8  1 

The  smaller  series  are  obviously  fish  of  the  previous  spawning,  and 
about  10  or  11  months  old. 

In  the  second,  older  series,  comprising  72  plaice  uearing  the  end  of 
their  second  year,  the  greater  number  are  grouped  about  13cm.  to 
14cm.  (5^5^  inches),  the  mean  size  being  about  13 '3cm.,  or  5|  inches, 
and  the  apparent  growth  from  the  previous  series  amounts  to  about 
6-5cm.  (2^  inches) ;  but  the  representation  of  the  larger  fishes  may  not 
be  perfect. 

In  another  haul  on  the  3l8t  of  March,  or  about  52  days  later,  but  in  a 
ditfereut  year,  viz.,  1904,  the  second  series  is  represented  by  29  specimens, 
ranging  from  112mm.  to  196mm.  (4|-7|  inches),  as  follows,  in  centimetre 
grouping,  the  mean  size  being  about  14 '5cm.  (5f  inches)  : — 

9      10      11      12      18      14      16      16      17      18      19      20 
1-117368111- 

Thcse  may  be  regarded  as  two  years  of  age  (fig.  4b,  pi.  XII.). 

The  same  group  is  represented  in  other  collections,  as  given  in  Table 
VI.,  but  only  by  a  few  fishes,  viz.,  in  October,  November,  and  December. 

In  a  haul  taken  on  the  22Dd  October,  1903,  in  from  8  to  13  fathoms 
of  water,  the  363  plaice  which  were  caught  were  measured.  Though  the 
small-meshed  net  was  employed,  the  smallest  plaice  caught  was  164mm.; 
the  great  bulk  of  them  formed  a  group  between  20cm.  and  29cm.,  with 
the  maximum  from  23cm.  to  26cm.  These  fish  were  approaching  their 
fourth  year. 

Annan. 

A  few  collections  of  small  plaice  in  April,  1904,  were  sent  to  me  by 
Mr.  George  Bryson,  Annan,  which  had  been  taken  by  shrimp-net  in  the 
Sol  way,  on  the  ordinary  shrimping  grounds.  It  will  be  seen  from  Table 
IV.  that  an  early  series  of  fish,  about  one  year  of  age,  is  represented, 
most  distinctly  in  the  collection  on  the  23rd  of  the  month,  and  also  a 
second  series,  less  distinctly  marked  off*  from  the  third,  and  again  liest 
shown  in  the  collection  on  the  23rd.  They  indicate  the  same  feature  as 
shown  in  the  previous  paper  dealing  with  the  growth  of  the  plaice,  that 
the  rate  of  increase  in  the  Solway  is  slow. 
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BuRGHEAD  Bay. 

The  plaice  taken  in  several  of  the  hauls  in  this  locality  were  measured, 
and  the  measurements  are  given  iu  Tables  V.,  VI.,  at  the  end  of  this 
paper.  On  20th  October,  1903,  a  collection  of  233  was  taken  in  from 
8  to  12  fathoms,  the  small-meshed  net  being  around  the  cod-end.  The 
smallest  plaice  caught  was  175mm.,  and,  with  another  specimen  measuring 
193mm.,  probably  represented  the  second  group.  The  next  smallest  was 
216mm.,  and  the  bulk  of  the  plaice  came  between  this  and  30cm., 
the  majority  measuring  from  24cm.  to  26cm.,  aud  representing  the  third 
series.  The  haul  in  the  Dornoch  Firth  two  days  later,  in  which  363 
plaice  were  taken,  corresponded  pretty  closely,  as  above  indicated. 

At  the  beginning  of  December  (6th  and  Tth),  1904,  a  considerable 
number  of  plaice  taken  in  from  4^  to  16  fathoms,  in  Burghead  Bay,  were 
measured,  the  sexes  being  first  determined  and  dealt  with  separately.  The 
number  so  treated  in  three  hauls  was  1737.  These  measurements  are 
given  in  the  appended  Table  V.  The  separation  of  the  groups  is  not 
so  well  seen  in  these  cases  as  one  might  expect.  The  great  bulk  of  the 
fish  measured  between  25cm.  aud  42cm.,  and  in  the  case  of  the  females  it 
was  not  difficult  to  see  that  they  were  separated  into  two  groups,  at  34cm. 
to  35cm.  The  curve  formed  by  the  measurements  of  the  males  is  much 
less  regular. 

The  plaice  in  some  other  ordinary  hauls,  taken  in  from  5  to  21 
fathoms  on  7th  February,  1905,  were  kindly  measured  for  me  by 
Dr.  WilliamsoD,  the  sexes  being  distinguished,  and  also  the  condition  of 
the  reproductive  organs  (Table  Vll.).  The  range  in  size  was  from 
20-68cm.,  but  the  separation  of  the  groups  is  not  very  clear ;  females  seem 
to  show  maxima  about  30-31  cm.  and  34-35cm.  The  size  at  maturity, 
it  will  be  observed,  is  about  41cm.  for  males  and  42-43cm.  for  females; 
but  the  number  of  mature  or  nearly  mature  plaice  was  very  small. 

COMMON  DAB  (Pleuronectes  limanda). 

The  number  of  common  dabs  whose  measurements  are  dealt  with  here 
is  8094,  belonging  to  28  collections  from  the  Moray  Firth  and  Aberdeen 
Bay.  With  those  included  in  the  previous  paper,  the  total  number  of 
common  dabs,  mostly  measured  on  board  commercial  trawlers,  is  26,230. 
In  many  of  the  recent  collections  the  first,  or  youngest,  series  is  specially 
well  represented,  and  the  facts  show  that  this  fish  grows  slowly. 

Aberdeen  Bay. 

The  collections  of  young  dabs  made  here  were  taken  in  fine-meshed 
nets,  mostly  from  a  fishing  yawl,  in  comparatively  shallow  water,  the 
depths  ranging  as  a  rule  from  3  to  6  or  7  fathoms.  There  are  11,  viz.,  1 
in  January,  1  in  February,  1  in  March,  3  in  April,  2  in  May,  1  in 
September,  and  2  in  November.  In  Table  VIII.  appended,  the  measure- 
ments of  the  fish  in  each  collection  are  given  in  *5  centimetre  groups. 
Few  of  them  show  well  in  any  series  but  the  fir«jt. 

On  the  3rd  January,  1906,  a  collection  of  323  was  obtained  in  8 
fathoms  of  water.  The  smallest  measured  27mm.,  or  slightly  over  1  inch, 
aud  the  largest  was  63mm.,  or  2  j  inches ;  the  majority  ranged  iu  size 
from  35mm.  to  4lmm.  (l|-l|  inches),  and  the  average  size  computed  is 
39'2mm.,  or  slightly  over  1^  inches. 

The  next  collection,  on  11th  February,  1905,  was  taken  in  somewhat 
deeper  water,  viz.,  8-12  fathoms,  and  comprised  only  16  small  dabs.  The 
smallest  measured  32mm.,  and  the  largest  of  the  scries  67mm.,  most 
ranging  from  3*5cm.  to  4- 5cm. 
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The  third  collection,  on  27th  March,  1905,  was  in  from  5  to  10  fathoms, 
and  the  small  dabs  obtained  numbered  154,  measuring  from  32mm.  to 
78mm.  (1^-3^  inches),  the  majority  ranging  from  4*5cm.  to  Sgdl 

Three  collections  were  obtained  in  ApriL|  1904,  in  from  3  or  4  to  6 
fathoms  of  water.  In  the  first,  on  the  8th,  282  small  dabs  were  secured, 
the  smallest  measuring  23mm.  and  the  largest  67mm.  (fj|-2|  inches), 
while  in  this  case  the  majority  ranged  from  3cm.  to  4cm.  in  length.  In 
the  second,  on  16th,  the  small  da^  numbered  308,  ranging  in  sixe  from 
24mm.  to  82mm.  (ff-3^  inches),  and  the  majority  measured  from  3*5cm. 
to  5cm.,  most  being  about  4cm.  On  the  26th  the  number  secured  was 
178,  measuring  from  25mm.  to  83mm.,  the  majority  being  from  3'5cm.  to 
4*5cm.  The  curve  for  the  collection  on  the  1 6th  is  the  most  symmetricaL 
These  fish  were  very  nearly,  or  quite,  one  year  old. 

Two  collections  were  obtained  in  May,  1904.  In  the  first,  on  the  4th, 
in  from  3  to  7  fathoms,  37  small  dabs  were  taken;  they  measured  from 
30mm.  to  51mm.,  the  majority  being  from  3'5cni.  to  4'5cm.  (1/^lf 
inches).  In  the  second,  in  the  middle  of  the  month,  70  were  taken  in  the 
same  place  and  depth ;  they  measured  from  31mm.  to  58mm.,  the  majority 
ranging  from  4cm.  to  5cm.  The  fish  in  these  collections  may  be  con- 
sidered to  be  about  one  year  old. 

In  the  next  collection,  on  1st  September,  1904,  in  from  4  to  9  fathoms, 
the  small  dabs  numbered  279,  and  they  ranged  in  length  from  20mm.  to 
59mm.  (j-2f  inches),  most  measuring  3*5cm.,  and  4cm.,  or  nearly  as 
much  as  in  May.  Two  collections  were  obtained  in  November,  1903.  In 
one,  on  the  1 3th,  in  6  to  9  fathoms,  1 1 4  small  dabs,  measuring  from  20mm. 
to  82mm.  (f  to  3|  inches),  were  taken ;  the  curve  is  not  very  regular, 
but  the  largest  numbers  are  grouped  under  5cm.  to  6*5cm.  In  the 
second  collection,  got  on  the  19th,  in  from  2  to  10  fathoms,  108  small 
dabs  ranged  from  33mm.  to  72mm.  {\^^2^  inches),  the  greater  number 
measuring  4'5cm.  to  5* 5cm.  The  dabs  of  the  year  appear  for  the  first 
time  in  the  September  collection ;  but  no  collection  was  made  between 
May  and  that  month. 

The  meaBurenients  of  these  dabs  may  be  arranged  in  centimetre  groups, 
as  follows,  from  January  to  November,  according  to  the  dates. 
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In  one  or  two  of  the  collections  a  second  group  is  fairly  well  indicated. 
Thus,  in  that  of  26th  April,  we  have  a  series  extending  from  112mm.  to 
164mm.  (4|— 6|  inches),  most  being  aggregated  at  12cm.  to  14cm.  This 
group  is  apparently  approaching  two  years  of  age.  Then,  in  the  collection 
taken  on  Ist  September,  the  second  group  begins  at  89mm.  and  apparently 
ends  at  153mm.,  and  it  represents  fish  at  nearly  the  end  of  their  second 
summer's  growth.  A  comparison  of  the  Tables  and  dates  will  show  that 
the  very  small  dabs  grow  slowly,  and  like  the  small  plaice,  grow  very 
little  in  winter. 

Moray  Firth. 

In  some  collections  from  the  Moiiiy  Firth  the  small  dabs  are  also  well 
shown  (Tables  IX-X.).  On  9th  February,  of  a  collection  got  in  the 
Dornoch  Firth,  in  from  6^  to  10  fathoms  of  water,  377  ranged  in  size  from 
31mm.  to  78mm.,  the  greater  number  being  aggregated  from  4cm.  to  5cra. 
These  fish,  of  course,  belonged  to  the  spawning  of  the  previous  year,  and 
were  about  nine  months  old.  On  the  7th  December,  in  another  collection 
from  the  Dornoch  Firth,  in  from  4  to  9  fathoms,  219  specimens  measured 
from  24mm.  to  65mm.  (the  next  largest  being  92mm.) ;  they  were  mostly 
aggregated  from  32mm.  to  42mm.,  and  chiefly  at  36mm.,  or  barely 
Ij  inches.  In  a  large  collection  made  at  Smith  Bank  on  the  27th 
December,  1903,  66  small  dabs  measured  from  25mm.  to  72mm.  (the  next 
largest  being  84mm.),  and  in  this  case  the  greater  number  were  aggregated 
between  25mm.  and  35mm. 

In  the  Tables  the  measurements  of  a  large  number  of  older  dabs  are 
given,  but  the  division  between  the  annual  series  is  not  always  very  clear. 
In  the  Dornoch  Firth,  in  the  hauls  in  December,  a  group  with  the 
majority  of  the  specimens  aggregated  between  10cm.  and  12cm.  (about 
4|  inches)  may  be  noted;  while  in  the  collections  from  Smith  Bank  in  the 
same  month  the  group  has  the  aggregate  between  10cm.  and  14cm.  In 
the  haul  from  the  Witch  ground  at  the  end  of  January  the  aggregate  is 
at  14'5cm.  to  15'5cm.  (5f-6^  inches),  and  these  fish  are  approaching 
their  third  year. 

FLOUNDER  ( Pleuronectes  flesus). 

The  information  afforded  by  the  collections  as  to  the  rate  of  growth  of 
the  flounder  is  rather  scanty,  small  specimens  of  this  species  coming  only 
rarely  under  observation  in  the  course  of  the  investigations.  The  young 
flounders  prefer  the  shallows,  especially  at  the  mouths  of  streams,  and 
where  the  water  is  brackish,  and  even  the  adult  is  uncommon  in  water  of 
moderate  depth,  except  at  certain  times  of  the  year.  The  number 
measured  was  231. 

In  the  course  of  the  push-nettings  in  Lochfyne  specimens  of  flounders 
were  occasionally  secured,  though  usually  in  very  small  numbers.  A 
series  obtained  on  5th  July,  31  in  all,  measured  from  16mm.  to  53mm. 
(|-2^  inches),  the  greater  part  being  grouped  at  3cm.,  or  scarcely  1^ 
inches,  the  arithmetical  average  being  3r9mm.,  or  1|  inches.  This  is 
rather  more  than  with  the  little  plaice  collected  at  the  same  time,  in  which 
case  the  majority  ranged  from  24mm.  to  32mm.,  and  the  computed 
average  size  was  30'3mm.  The  spawning  period  of  the  flounder  in  Loch- 
fyne, according  to  Williamson,  is  a  little  later  than  that  of  the  plaice.* 
It  is  not  unlikely  that  at  this  period  the  habitat  of  the  young  flounder 
leads  to  an  exceptionally  rapid  growth,  viz.,  in  the  very  shallow  and 
mostly  brackish  waters,  where  the  temperature  in  the  summer  months  is 
highest ;  and  probably  also  its  growth  in  winter  is  arrested. 
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Another  collection,  on  10th  September,  in  Lochfyne,  yielded  17  young 
Hounders,  the  smallest  measuring  44mm.  and  the  largest  78mm.  (l|-3^ 
inches).  It  is  not  clear,  however,  that  the  last,  and  another  at  77inm., 
belong  to  the  same  series,  since  none  were  taken  between  61mm,  and  the 
sizes  stated.  They  were  mostly  aggregated  about  5cm.,  or  2  inches. 
The  other  collections  of  little  flouudei-s  were  small,  and  serve  to  in- 
dicate only  a  few  points.  Thus,  some  taken  in  spring,  and  therefore  not 
belonging  to  the  year's  spawning,  were  rather  small  in  certain  cases.  On 
27th  March  2  were  got  in  Lochfyne,  measuring  63mm.  and  99mm.  On 
25th  May  2  were  taken  in  the  Dornoch  Firth,  one  measuring  60mm.  and 
the  other  70mm.  At  Annan,  in  April,  two,  measuring  82mm.  and  90mni. 
were  taken.  These  represented  fish  of  the  preceding  year,  and  there  are 
few  of  the  second  series  in  the  collections;  but  it  is  probable  that  while 
those  mentioned,  and  a  few  others  of  the  same  kind  in  the  Table,  belong 
to  the  second  group,  or  those  a  little  over  one  year  old,  those  in  the 
Tables  at  17cm.  to  19'5cm.  are  at  least  a  year  older. 

A  large  collection  of  flounders  was  obtained  in  the  Dornoch  Firth  on 
the  30th  March,  1904,  in  from  5  to  16  fathoms,  in  the  otter  trawl,  and  as 
they  were  either  actually  spawning  or  nearly  ripe,  the  sexes  were 
separated  and  measurements  made.  They  numbered  158,  namely,  136 
males  and  22  females,  the  males  in  this  species  preponderating  in  numbers 
over  the  females.  It  is  unfortunate  that  the  sinalKmesbed  net  was  not 
used  on  this  occasion,  but,  at  the  same  time,  it  is  not  probable  that  many 
more  small  flounders  would  have  been  taken,  as  the  smaller  fish  do  not 
migrate  to  the  depths  referred  to.  The  smallest  male  flounder  in  the 
collection  measured  202mm.,  or  just  8  inches,  and  the  smallest  female  was 
252mm.  The  measurements  are  not  suflicient  to  enable  the  fish  to  be 
separated  into  definite  annual  seiies  with  any  certainty,  but  they  in  all 
probability  represent  flounders  of  at  least  three  years  and  over. 

LEMON  DAB  (Pleuronecies  microcephalus). 

The  growth  of  the  lemon  dab  has  not  been  made  out  so  well  as  that  of 
most  of  the  flat-fishes.  This  is  owing  to  seveial  circumstances.  The 
spawning  period  is  of  exceptional  length,  extending  from  the  middle  of 
April  to  well  on  in  September  and  even  into  October.  Of  a  number  of 
large  lemon  dabs  examined  at  a  fish-yard  at  Aberdeen  on  the  2l3t  and  22nd 
September,  all  the  males — 129  in  number — yielded  more  or  less  spermatic 
fluid  on  pressure,  and  of  168  females,  44,  or  26  per  cent.,  contained  ripe 
eggs,  and  were,  in  point  of  fact,  spawning.  On  10th  November  all  were 
found  to  be  spent.  Eggs  of  the  lemon  dab  were  also  obtained  in  tow- 
nets  on  8th  October.  Owing  to  this  circumstance  of  the  extended 
spawning  period,  the  various  annual  groups  soon  coalesce  to  such 
an  extent  as  regards  length  that  it  is  ditticult  to  separate  them. 
Another  difiiculty  is  the  scarcity  of  small  specimens.  For  a  long  time 
lemon  dabs  under  three  or  four  inches  were  unknown,  though  now 
specimens  under  that  size  have  been  recorded  by  Holt,  Cunningham,  and 
myself.  Still  another  reason  is  the  fact  that  large  individual  collec- 
tions of  lemon  dabs  are  not  very  often  obtained  by  the  trawl.  They  are 
scattered,  and  it  would  appear  that  collections  from  diflerent  parts  may 
show  a  different  rate  of  growth.  The  number  dealt  with  in  this  paper  is 
2201. 

I  ascertained  that  in  the  Solway  the  boats  that  carry  on  prawn-fishing 
by  means  of  trawl  nets  often  take  considerable  numbers  of  small  lemon 
dabs,  and  I  arranged  for  collections  to  be  made  from  the  boats  and  the 
fish  forwarded  to  me.     Such  collections  were  obtained  in  April,  May,  and 
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September,  and  the  measurements,  in  '5cm.  groaps,  are  given  in  Table 
XII.  (p.  256).  The  fish  are  caught  on  rough  ground  off  the 
Cumberland  coast^  in  about  4  fathoms  of  water,  and  are  rather  localised 
in  their  distribution. 

In  dealing  with  them   the   sexes   were  first    carefully   determined, 
microscopical  examination  being  resorted  to  when  necessary ;  the  propor- 
tions of  the  sexes  in  these  collections  were  thus  made  precise  and  certain. 
Most  of  the  series  were  also  weighed  and  the  condition  of  the  reproductive 
organs  made  clear,  and  some  remarks  on  this  head  may  be  of  interest. 
In  the  collection  iu  September  it  is  noted  that  the  females  had  small 
ovaries,  weighing  less  than  one  gramme,  and  usually  only  a  fifth  or  a 
tenth  of  a  gramme.     The  eggs  were  small  and  unyolked,  the  largest 
measuring  up   to    106  and  '134mm.     In  May  the  great  majority  had 
also  small   unyolked   eggs,   but  some   of    them   had  large    eggs   and 
would  have  spawned    in   the   ensuing  summer.      This   was  the  case   , 
with  one  measuring  201mm.,  in  which  the  eggs  measured  *72mm.,  and 
also  in  others  from  164mm.  to  188mm.,  where  the  eggs  were  of  the  same 
size.     In  one  of  188mm.,  weighing  75  grammes,  the  roe  weighed  5'9 
grammes  and  the  eggs  were  '73mm.  in  diameter.     Another  of  182mm. 
long  weighed   66   grammes,  the   roe  weighing  4'0  grammes,  and  the 
6gg8  ^ere  of  the  same  diameter  as  those  mentioned.      I  previously 
recorded  instances  of  still  smaller  lemon  dabs  being  quite  mature.* 

These  lemon  dabs  from  the  Sol  way  Firth  varied  in  length  fram  5 '5cm. 
to  20cm.,  the  smallest  obtained  was  57mm.  (2|  inches)  taken  in  April, 
and  the  largest  was  202mm.  (8  inches).  The  smallest  were  got  in  April 
(22nd),  and  the  Table  shows  that  in  all  probability  a  group  terminates 
about  10cm.  No  males  were  got  between  98mm.  and  114mm.,  and  no 
females  between  89mm.  and  111mm.  Two  females  were  taken  at  57mm. 
and  59mm.,  the  next  being  80mm. ;  while  the  smallest  male  was  71mm. 
There  is  thus  a  suggestion  that  the  two  females  represent  the  larger 
specimens  of  a  younger  group. 

In  the  May  collections  three  groups  appear  to  be  represented,  when 
curves  are  drawn  of  the  measurements ;  the  first  and  third  are  only  partly 
present,  the  bulk  of  the  collection  consisting  of  fish  from  10cm.  to  16cm. 
and  aggregated  around  13cm.  and  14cm.  (5|  inches).  The  figures  for 
the  totals  for  the  6th  and  15th  May,  grouped  into  centimetres  are  as 
follows : — 

8      9      10      11      12      13      14      16      16      17      18      19      20      21 
2      7        3      13      16      21      23      12       8      20       9       2       2 

The  measurements  of  the  separate  collections  similarly  arranged  are : — 

Cm.  5    6    7    8    9    10    11    12    13    14    15    16    17    18    19    20    21 

April  22,    .11273133388812--- 

May     6,    .    -    -    -    1    3      1      8    11    16    19    12      8    14    11      4      2      - 

„16,    .----9      134653361--- 

„      24,    .---12-11-1114-.      -- 

Obviously  none  of  the  specimens  belong  to  the  year ;  the  smallest  must 
be  approaching  one  year  of  age,  or  are  over  it. 

In  the  collections  made  in  September  the  extreme  range  of  the  sizes  is 
very  much  the  same,  and  the  curve  of  the  total  shows  that  a  division 
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between  two  groups  is  about  13cm.  to  14cm.,  the  fish  being  aggregited 
at  about  12cm.  and  16cro.  to  17cm.  respectively.  The  figures  of  the  total 
measurements  arranged  in  centimetres  are  as  follows : — - 

6      7      8      9      10      11      12      18      14      15      16      17      18      19      20      21 
1      3    10      9      22      49      64      50      51      67      62      62      27        9       2 

The  corresponding  figures  for  the  individual  collections  are  : — 

Cm.    6    7    8    9    10    11    12    13    14    15    16    17    18    19    20    21 
Sept.    2    .    -    -    -    -      6      2      3      2      2      2      3      2      I      1      I      - 

„      9,-13      4    21    32    19    14    21    23    29      4      1      -      - 

„    15   .    -    -    4    3    11    22    21    27    34    43    36    81    28      7      2      - 

„    25.     13531482111----- 

Small  lemon  dabs,  though  not  quite  so  small,  were  also  obtained  in 
various  hauls  in  the  Firth  of  Forth  and  in  the  Clyde,  the  particulars  of 
the  measurements  of  which,  arranged  in  *5cm.  groups,  are  given  in 
Tables  XIV.,  XV.  In  May,  in  the  Forth,  a  collection  of  68  ranged  in 
length  from  lOcro.  to  30cm.,  four  groups  being  probably,  but  unequally, 
represented.  In  the  most  outstanding  the  majority  of  the  fishes  are 
grouped  around  1 5cm.  to  17cm.,  and  they  are  thus  a  little  larger  than  the 
corresponding  May  collection  from  the  Solway,  where,  as  was  previously 
shown,  plaice  and  dabs  at  all  events  grow  more  slowly  than  on  the  east 
coast.  It  would  appear  that  these  fish  are  entering  their  third  year, 
the  two-year-old  fish  being  represented  by  the  few  of  a  smaller  size. 
There  is  a  second  aggregation  of  lemon  dabs  between  23om.  and  30cm., 
but  they  not  improbably  represent  at  least  two  series.  The  figures, 
as  arranged  in  centimetre  groups,  are  these : — 

10    11    12    13    14    15    16    17    18    19    20    21    22    23    24    25    26    27    28    29    30 
111168    11      21112126444641 

A  small  collection  was  also  obtained  in  August,  but  the  number  was 
scarcely  sufficient  to  give  a  reliable  clue  to  the  growth.  Arranged  in 
centimetres,  the  measurements  are  these : — 

9    10    11    12    13    14    15    16    17    18    19    20    21    22    23    24    25    26    27    28 
13-22213135361-1---1 

The  collections  in  the  Clyde  (Table  XV.)  were  obtained  in  somewhat 
deep  water  in  the  neighbourhood  of  Ailsa  Craig.  In  September,  those 
taken  numbered  79,  and  a  curve  of  the  measurements  shows  them  mainly 
aggregated  between  12cm.  and  18cm.,  with  a  deeply  indented  apex,  the 
maxima  being  at  13cm.  and  16cm.,  thus  corresponding  fairly  closely  to  the 
collection  from  the  Solway  in  the  same  month  of  the  year.  On  the  5th 
October  a  number  measured  from  8cm.  to  25cm.,  the  mass  being 
aggregated  between  13cm.  and  19cm.,  there  also  being  an  indentation  in 
the  curve  at  15cm.     The  figures  grouped  in  centimetres  are  these : — 

8    9    10    11    12    13    14    15    16    17    18    19    20    21    22    23    24    25    26    27 
12--379      3      947411-121-       - 

The  collections  from  Aberdeen  Bay  were  more  numerous  (Tables  XIII., 
XIV).     The  largest  was  obtained  on  2l8t  August  at  the  ^'Doghole,"  a 
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few  miles  ofi^  in  58  fathoms  of  water,  the  specimeus  u  umbering  118. 
The  measurements,  arranged  in  centimetres,  are  as  follows : — 
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The  curve  shows  at  least  five  groups,  though  the  lines  are  not  very 
regular.  The  first  comprises  the  fish  up  to  about  15cm.  The  middle  of 
the  base  is  about  12cm.  or  12'5cm.  The  next  extends  from  16cm.  to 
to  22cm.  or  23cm.,  the  maximum  number  are  at  21cm.,  and  the  middle 
of  the  base  about  19cm.  to  20cm.  The  third  extends  from  22cm.  or 
23cm.  to  30cm.,  the  greater  numbers  are  at  27cm.,  and  the  middle  of  the 
base  is  about  26cm.  or  26'5cm. 

In  hauls  in  July,  on  the  31st  and  30th,  that  is  about  three  weeks 
earlier,  the  same  order  of  grouping  can  be  made  out,  the  measurements 
being  as  follows  : — 
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In  collections  made  in  October,  the  first  and  second  of  the  above 
indicated  series  are  best  shown.  The  following  are  the  figures  of  the 
measurements,  arranged  in  centimetres: — 

9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  80  31 

8th      .---3-3--111-1----1- 1- 

28Ki    .---421331-5123-3------2 

Slit     .1-22213241-----------12 

There  are  also  given  in  Table  XIII.  the  measurements  from  a  large  num- 
ber of  hauls  taken  in  the  Moray  Firth  and  Aberdeen  Bay  on  two  occasions, 
the  first  from  8th  to  13th  October,  1900,  and  the  second  from  31st 
October  to  9th  November  in  the  same  year.  The  curve  formed  by  the 
former  series  shows  two  great  aggregations,  the  first  extending  from  about 
15cm.  or  16cm.  to  27cm.  or  28cm.,  and  the  second  from  the  latter  point 
to  41cm.  In  the  former  the  maximum  number  are  aggregated  at  23cm. 
(9  inches),  and  in  the  latter  they  are  aggregated  at  36cm.  (14|  inches),  a 
difference  of  13cm.,  or  a  little  over  5  inches.  It  seems  tolerably  certain, 
however,  that  one  or  other  of  these,  and  probably  both,  aggregations  com- 
prise more  than  one  annual  series,  though  the  very  deep  depression 
between  the  two  cones  is  marked,  and  very  distinct.  The  measurements 
at  the  beginning  of  November  are  less  satisfactory,  the  curve  formed  being 
irregular.  The  second  aggregation  is  poorly  represented,  but  the  first  is 
well  marked,  but  begins  at  14cm.,  and  the  maximum  number  are  at  18cm.; 
there  is  a  well-marked  depression  at  27cm.,  much  as  in  the  curve  of  the 
measurements  taken  some  weeks  earlier.  The  figures  arranged  in  centi- 
metres for  the  two  series  of  measurements  are  as  follows : — 


12  18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

{^1 

'.  1   4 

2 
8 

1 
11 

1 
16 

3 
21 

17 
25 

12 
14 

17 
12 

25 
14 

15 
13 

18 
11 

12 
10 

7 
10 

7 

8 

6 
2 

4 

7 

6 

7 

9 
10 

81 

82 

33 

34 

35 

36 

87 

38 

39 

40 

41 

42 

43 

44 

45 

46 

1^1  :  'I 


9    20    31    31     47    27    20    22    15      4    11      1      1      -      - 
822274112-111-- 


196  Pa/ri  III, — Twenty-fourth  Annv/d  Beport 

Larval  and  post-larval  lemon  dabs  have  been  obtained  at  periods 
which  correspond  with  the  long  spawning  season.  Thus,  Cunningham 
records  specimens  of  10mm.  and  over  taken  in  April,  and  specimens  of 
this  size  are  taken  in  May,  while  at  the  end  of  October  they  have  been 
secured  in  considerable  numbers  measuring  from  8mm.  to  ISmoL  It  is 
obvious  that  in  the  succeeding  year,  say  in  spring,  the  young  lemon  dabs 
derived  from  these  would  vary  much  in  size.  The  early  ones  would  have 
the  full  benefit  of  the  favourable  temperature  throughout  the  whole  year, 
while  those  of  October  would  meet  with  the  colder  water  in  winter  and 

•  

have  their  growth  retarded.  Thus,  a  specimen  caught  by  the  "  Garland  ** 
on  7th  May,  which  measured  25mm.,  was  no  doubt  derived  from  the  pre- 
ceding year,  while  specimens  measuring  27ram.  taken  in  August  belonged 
to  the  same  year. 

Young  lemon  dabs  in  some  number  were  got  by  Holt  at  the  Humber 
in  October  and  November,  measuring  from  2  to  3^  inches,  which  might 
possibly  have  been  derived  from  the  spawning  of  that  year,  but  the  larger, 
at  least,  were  more  probably  from  that  of  the  year  before. 

Cunningham,  at  the  beginning  of  June,  took  small  lemon  dabs  on  the 
Essex  coast  from  3  to  5  inches  long,  and  these  were  clearly  at  least  one 
year  old. 

The  evidence  seems  to  mo  to  justify  the  belief  that  the  growth  of  the 
lemon  dab  is  slow,  and  probably  does  not  much,  if  at  all,  exceed  5cm.  to 
6cm.  (2  to  2^  inches)  in  a  year.  It  is  probable  that  the  female  does  not 
spawn  before  the  fourth  year,  though  the  prematurely  mature  specimens 
occasionally  got*  probably  spawn  at  an  earlier  age,  and  may  form  a 
distinct  variety. 

LONG   ROUGH   DAB  ( Drepampsetta  platessoides,  Fabr.;. 

Various  collections  of  long  rough  dabs  were  measured,  the  totfd  num- 
ber being  3529,  part  of  them  being  from  the  Moray  Firth  and  part  from 
Aberdeen  Bay  (Table  XYL).  Including  those  dealt  with  in  the  previous 
paper,  the  aggregate  number  measured  amounts  to  20,261. 

Several  of  the  collections  contained  the  very  small  series  which  are 
always  in  this  species  well  separated  from  the  older  series,  contrasting 
with  the  case  of  the  lemon  dab.  The  spawning  period  of  the  long  rough 
dab  extends  from  the  end  of  January  well  into  May,  and  is  chiefly 
marked  at  the  end  of  March  and  the  beginning  of  April.  Each  year's 
brood  have  therefore  the  summer  following  for  growth,  and  not,  as  in  the 
lemon  dab,  part  of  them  the  summer  and  part  of  them  the  winter. 

In  three  collections  made  in  the  Moray  Firth  the  early  group  is  well 
shown.  The  first  was  taken  on  28th  December  in  30  fathoms,  on  the  so- 
called  witch  ground  off  Burghead ;  the  second  on  23rd  January,  but 
somewhat  further  east  off  Kinnaird  Head,  in  50  fathoms;  and  the  third 
on  1st  April,  in  the  neighbourhood  of  the  place  where  the  first  haul  was 
made,  in  from  30  to  32  fathoms. 

In  the  December  collection  73  fish  belonged  to  this  group;  they  ranged 
in  length  from  46mm.  to  65mm.  (14-3-2^  inches)  (the  next  largest  in  the 
collection  being  85mm.),  and  the  average  length  was  56'8mm.,  or  2\ 
inches.  In  the  January  collection  there  were  57  specimens,  ranging  from 
47mm.  to  68mm.  (1|— 2^  inches)  (the  next  largest  being  86mm.),  and 
the  average  computed  size  was  57*4mm.,  or  2^  inches.  The  third  collec- 
tion contained  84  specimens  of  the  class,  varying  in  length  from  47mm. 
to  70mm.  (lg-'2|  inches),  and  the  average  was  56*2mm.,  or  almost  2^ 
inches,  the  next  largest  in  the  collection  being  89mm. 
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• 

Numl>er  of 
Fish. 

Range  in 
Length. 

Average 
Size. 

28th  December  1903 

73 

46-66mm. 

56'8mra. 

23rd  January  1904    .     . 

67 

47-68mm. 

57 '4mm. 

l8tAprill904.     .     .     . 

84 

47-70mm. 

56"2mm. 

As  already  stated,  the  locality  of  the  collections  in  December  and  April 
were  the  same,  and  the  facts  show  how  much  retarded  the  growth  of 
this  fish  may  be  daring  winter. 

In  previous  collections,  described  in  my  paper  in  the  Tioentieih  Annual 
Report^  numbers  of  these  small  long  rough  dabs  were  secured,  and  the 
average  length  in  some  cases  may  be  referred  to.  The  facts  show  that 
the  growth  of  this  somewhat  deep-water  fish  does  not  materially  differ  in 
the  north-eastern  parts  of  the  North  Sea  as  compared  with  the  Moray 
Firth.  In  the  deep  water  off  the  Shetlands,  on  Slst  August  and  4th 
September,  the  average  size  was  48*3mm.  and  48'4mm.  On  16th-19th 
October  it  was  53'3mm.;  on  11th  December  it  was  54*4mm.,  and  on  19th 
May  68'4mm.  Off*  Aberdeen  Bay,  on  21st  August,  11  specimens  had  an 
average  length  of  53mm.;  on  16th  December  the  average  length  of  116 
specimens  was  65*5 mm.  On  4th  July,  in  from  83-85  fathoms,  off 
Kinnaird  Head,  146  had  an  average  length  of  98'3mm.  (3g  inches).  It 
is  thus  clear  that  the  growth  of  this  fish,  as  formerly  remarked,  is  slow, 
and  that  when  one  year  old  its  average  length  does  not  greatly  exceed  two 
inches. 

In  some  of  the  collections  the  older  groups  are  well  indicated.  In  that 
of  28th  December,  off  Burghead,  the  sexes  were  not  completely  separated, 
bat  in  the  lot  of  23rd  January  they  were.  The  females  in  the  second 
series  in  this  collection  range  in  length  from  92mm.  to  about  129mm. 
(3|-5^  inches),  the  average  being  about  112mm.,  or  11cm.  (4^  inches). 
The  males  vary  in  size  from  89mm.  to  118mm.  or  thereabout,  and  the 
average  size  is  a  little  over  10cm.  (or  4  inches).  The  increase  in  length 
from  the  previous  annual  series  is  thus  about  5*5cm.,  or  2|  inches ;  in 
other  words,  the  females  at  this  stage  grow  about  that  more  in  the  course 
of  a  year.  The  difference  in  the  case  of  the  males  is  less,  viz.,  from 
57mm.  to  about  103mm.,  or  4*5cm.,  a  little  over  1|  inches. 

The  curve  in  this  case  shows  a  somewhat  more  rapid  growth  of  the 
females  than  the  males,  the  latter  lagging  behind,  and  the  fact  suggests 
that  the  males  are  approaching  reproductive  activity.  I  have  shown 
before  that  males  may   be   sexually   mature   when   scarcely    5    inches 

i  127mm.)  long,  and  may  show  testes  half  developed  when  only  3||  inches 
89mm.)  long.  The  date  of  this  collection  about  coincides  with  the 
beginning  of  the  spawning  season,  and  is  more  than  three  months  distant 
from  its  close,  and  thus  probably  some  of  the  males  would  reach  repro- 
ductive length  during  the  spawning  season.  It  is  much  more  likely  that 
the  third  series  represented  in  the  collection  is  the  chief  reproductive 
series.  In  it  the  males  extend  in  length  from  ll*5cm.  (4|  inches)  to 
16cm.  or  over  (6||  inches),  the  average  size  being  about  13 '5cm.  (5| 
inches).     This  group  is  very  nearly  throe  years  of  age. 

The  females  in  the  third  series  are  widely  separated  from  the  second, 
80  that,  in  the  curve,  the  curve  of  measurements  of  the  males  of  the  third 
series  is  intercalcated  in  the  gap  between  the  curve  for  the  second  and 
third  series  of  females— a  usual  circumstance  among  fiatfishes  at  the 
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period  when  maturity  is  reached.     The  third  series  of  females,  which 
comprises  the  greater  number  of  fishes,  begins  about  12*5cm.  and  appears 
to  extend  to  20cm.    The  cone  in  the  curve  is  a  wide  one,  and  the  apex, 
or  point  where  the  fish  are  chiefly  aggregated,  is  at  16*5cm.  (6 J  inches). 
The  results  may  be  stated  in  tabular  form  as  follows : — 


Group. 

Sex. 

Probable  Age. 

Range  in        Average 
Size.               Sue. 

Apparent 

Orowth  in 

Year. 

I. 

'■■{ 

III.  1 

« 

10  months. 

1  year  and  10  months. 

II               II 

• 

2  years  and  10  months. 

• 

n                     II 

47-68mm. 

9-13cm. 
9 -12cm. 

]2-5-20cm. 
ll'5-16cm. 

57*4mm. 

11cm. 
10cm. 

16*5cm. 
13*5cm. 

57mm. 

5*5om. 
4*6cm. 

6 '5cm. 
8 '5cm. 

In  the  collection  obtained  on  Ist  April  the  sexes  were  also  separated 
and  measured  in  the  older  groups.  In  the  second  series,  or  those  about 
two  years  old,  the  females  extended  in  length  from  89mm.  to  126mm. 
(3|-4ff  inches),  the  average  being  about  10'5cm.,  or  4^  inches.  This 
shows  a  rate  of  growth  of  about  5cm.  (2  inches)  from  the  previous  year's 
fish.  The  males  extended  from  about  9cm.  to  11cm.,  (dj-if  inches), 
the  average  length  being  about  10cm.,  or  a  little  less,  indicating  a  growth 
from  the  previous  year's  series  of  about  4*5cm.  (1|  inches). 

In  the  third  group  represented  the  females  extend  from  131mm.  to 
apparently  210mm.  (5^-8|  inches),  the  fish  being  mostly  aggregated 
between  15cm.  and  17cm.,  the  apex  of  the  curve  being  at  17cm.  If  the 
latter  be  taken  as  the  mean  size  of  the  group,  the  growth  from  the 
previous  series  would  be  on  the  average  about  6 '5cm.,  or  2||  inches,  which 
is  too  large  for  this  series.  The  presence  of  a  small  cusp  at  15cm.  leads 
one  to  suspect  that  this  group  is  made  up  of  two  series. 

The  males  of  the  third  series  are  not  numerous,  and  their  size  extends 
from  about  11cm.  to  15cnL,  the  average  length  being  approximately  13cm., 
or  5^  inches;  the  amount  of  growth  indicated  in  the  year  from  the 
previous  series  being  3cm.,  or  barely  an  inch  and  a  quarter.  In  tabular 
form  the  particulars  are  these  : — 


Group. 

Sex. 

Probable  Age. 

Eango  in  Size. 

Avenige  Size. 

Apparent 

Growth  in 

Year. 

I. 

— 

1  year. 

47-70mra. 

56 '2mm. 

5'5cm. 

...  { 

? 

6 

2  years. 
I) 

9-1 3cm. 
9-llcm. 

lO'Scm. 
10cm. 

5*0cm. 
4*5cm. 

III.      1 

6 

3  years. 
II 

(ia-21cm.) 
11-1 5cm. 

(17) 
18 

(6*5om.) 
3cm. 
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Of  the  other  collections  whose  measurements  are  given  in  the  Tables, 
it  may  be  said  that  in  that  taken  on  13th  May  at  the  **  Doghole,"  off 
Aberdeen,  in  55  fathoms,  in  which  case  the  sexes  were  separately  dealt 
with,  the  younger  series  is  imperfectly  represented.  A  group  beginniug 
as  to  the  females  about  12cm.  or  13cm.  shows  an  aggregation  at  i4cm. 
and  14*5cm.,  the  apex  in  the  curve  of  the  measurements  being  at  14'5cm., 
after  which  there  is  a  drop  to  15'5cm.  and  a  subsequent  rise,  indicating 
that  the  third  series  in  the  collection  of  Ist  April  contains  two  series. 
This  is  rather  confirmed  by  the  position  of  the  aggregation  of  the  males, 
the  apex  of  the  curve  being  in  the  gap  between,  viz.,  at  15*5cm.  The 
numbers,  however,  are  not  very  large. 


TURBOT  (Rhomhua  (Bothus)  maximus). 

Observations  as  to  the  rate  of  growth  of  this  important  flat-fish  leave 
much  to  be  desired.  The  number  measured  by  me,  the  measurements  of 
which  are  given  in  Table  XVII.,  was  212,  but  comparatively  few  of  these 
refer  to  young  fishes. 

The  spawning  period  is  in  summer,  from  about  the  middle  of  April  to 
the  early  part  of  August,  and  is  at  its  height  in  June.  The  larval  turbot 
measures  2'2mm.  to  2'8mm.;  after  the  absorption  of  the  yolk,  in  about  a 
week,  it  measures  3*2mm.  to  4*8mm.,  and  metamorphosis  is  usually  com- 
pleted at  about  27mni.* 

The  pelagic  metamorphosing  forms  are  got  in  August  and  September, 
and  partly  in  July,  and  the  young  forms  on  the  sands  in  September  and 
later.  Thus  Cunningham  notes  the  pelagic  forms  from  early  in  August 
till  8th  September,  measuring  from  15mm.  to  37mm.,  and  which  he 
thought  were  about  one  month  old,  but  are  probably  older. 

M'Intosh  refers  to  specimens  of  21mm.  to  28mm.  in  July  and  August, 
and  of  41mm.  to  62mra.  on  7th  September;  on  18th  September,  three, 
respectively,  44mm.,  48mm.,  and  55mm.,  were  got  by  me  at  the  mouth  of 
the  Don.  M'Inlosh  records  them  3  inches  long  (about  7'5cm.)  in  the 
middle  of  December,  and  this  is  the  largest  for  the  year  of  which  I  have 
noted  a  definite  record. 

From  this  time  on  to  about  the  end  of  March  it  is  almost  certain  the 
turbot  grows  little  or  not  at  all,  as  with  other  small  flat-fishes  in  the 
same  habitat. 

In  the  spring  of  the  next  year  the  recorded  sizes  are  as  follows : — 23rd 
May,  2|  inches  (60mm.),  by  M*Intosh;  April  25th,  79mm.;  May  16th, 
three  at  68mm.,  73mm.,  and  85mm.,  by  Cunningham,  who  also  says  that 
from  April  to  June,  at  Cleethorpes,  they  measure  from  75mm.  to  105mm, 
(3-4^  inches).  I  received  one  from  the  Solway  Firth,  taken  on  2Srd 
April^  which  measured  95mm.,  while  another  from  the  same  locality, 
caught  on  27th  November,  was  119mm.  (4|  inches),  and  had  no  donbt 
passed  through  the  second  summer  of  its  life. 

The  young  turbot  at  or  approaching  one  year  of  age  is  thus  a  very  little 
fish,  and  probably  ranges  in  size  from  about  70mm.  (2|  inches)  or  less  to 
about  105mm.  (4^  inches). 

A  tank  experiment  of  Cunningham's  may  be  mentioned.  In  June  he 
put  into  a  tank  a  number  of  young  turbot  in  the  pelagic  transforming 
stage;  on  the  19th  October  three,  whose  measurements  are  given,  were 
65mm.,  95mm.,  and  99mm.  respectively;  on  4th  April,  in  the  next  year, 
the  one  which  survived  was  108mm. 

*  Ebrenbaum,  Nordisches  Plankton,  Vicrto  Lieferung,  I.  Eior  und  Larvon  von  Fischen. 
Theil  J.,  p.  199,  Kiel  und  Leipzig,  1905. 
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I  append  a  Table  showing  the  occurrence  of  the  small  turbots  in  the 
various  months  of  the  year.     The  bracket  shows  the  spawning  period. 


Cm. 

Jan. 

Feb. 

Mar. 

April. 

May. 

Juno. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

, 

T 

^ 

^ 

^ 

•5 

• 

— 

— 

— 

— 

— 

X 

X 

~ 

— 

— 

— 

2 

— 

— 

— 

— 

_i 

» 

— 

X 

X 

— 

— 

— 

•5 

— 

— 

— 

— 

— 

— 

— 

X 

X 

~ 

- 

— 

8 

•5 

— 

- 

— 

— 

— 

- 

— 

X 

X 

- 

- 

— 

4 

^ 

, 

^ 

^ 

. 

^p. 

^ 

,  , 

X 

^^ 

_ 

— 

•6 

— 

— 

_ 

— 

. 

— 

— 

i— 

XX 

— 

— 

— 

5 

— 

— 

— 

— 

— 

_ 

— 

XX 

B 

— 

— 

•5 

— 

— 

— 

-> 

_ 

— 

— 

— 

XX 

— 

— 

— 

6 

— 

— 

— 

_ 

X 



_ 

— 

XX 

— 

— 

^ 

•5 

_ 

_ 

_ 

«. 

,_ 

_ 

^ 

_ 

_ 

_ 

- 

— 

7 

— 

_ 

_ 

_ 

., 

_ 

_ 

— 

_ 

.  ' 

- 

— 

•6 

— 

— 

— 

B 

B 

B 

— 

— 

_ 

_ 

— 

X 

8 

— 

— 

— 

B 

B 

B 

— 

. 

— 

— 

— 

— 

•5 

— 

-. 

— 

6 

B 

B 

— 

— 

— 

~ 

- 

— 

9 

— 

— 

— 

B 

B 

B 

_ 

— 

_ 

— 

— 

- 

•5 

— 

— 

— 

XR 

B 

B 

-. 

— 

-~ 

— 

— 

— 

10 

— 

— 

— 

B 

XXX 

B 

— 

-. 

_ 

— 

- 

- 

■6 

— 

— 

— 

B 

B 

B 

— 

_ 

_ 

— 

— 

— 

11 

— 

— 

— 

— 

— 

— 

— 

- 

— 

- 

- 

— 

•6 

— 

— 

- 

— 

XXX 

X 

— 

— 

— 

— 

— 

— 

12 

— 

— 

— 

— 

X 

X 

— 

- 

— 

— 

X 

- 

•6 

— 

B 

B 

B 

XXX 

X 

— 

~ 

— 

— 

- 

- 

18 

— 

B 

B 

B 

XXX 

X 

— 

— 

— 

— 

— 

- 

•5 

— 

B 

B 

B 

.. 

». 

_ 

_ 

— 

_ 

- 

- 

14 

— 

B 

B 

XB 

XXX 

XX 

— 

— 

— 

— 

- 

— 

•5 

—■ 

XB 

B 

B 

XX 

. 

_ 

— 

-. 

— 

— 

- 

15 

- 

B 

B 

B 

xxxx 

— 

X 

— 

— 

— 

- 

- 

•6 

- 

— 

- 

— 

XXX 

X 

— 

- 

— 

- 

— 

— 

16 

— 

— 

— 

— 

X 

XX 

— 

— 

— 

— 

— 

— 

•5 
17 
•5 

- 

— 

- 

- 

- 

XX 

— 

- 

- 

- 

— 

— 

_ 

^ 

_ 

^ 

^^ 

X 

^ 

„^ 

„. 

.. 

-. 

— 

18 

— 

— 

_ 

_ 

^ 

XX 

^ 

_ 

— 

— 

— 

— 

•5 

— 

— 

— 

— 

— 

X 

— 

— 

— 

— 

— 

19 

— 

— 

- 

— 

XX 

— 

XX 

— 

— 

- 

— 

— 

•6 

- 

- 

— 

— 

— 

X 

— 

— 

- 

- 

— 

— 

20 

— 

- 

— 

" 

XX 

X 

X 

— 

- 

- 

— 

- 

•6 

— 

— 

— 

— 

— 

X 

- 

— 

— 

— 

— 

^ 

In  the  salmon  stake-nets  at  Montrose  52  young  turbots  were  taken  in 
May,  June,  and  July,  the  measurements  of  which  are  given  in  inches  in 
the  Table  subjoined  (2),  and  as  near  as  possible  in  centimetres  in  Table 
XVII. 

The  greater  number  were  obtained  in  May,  vii.,  30,  while  17  were  got 
in  June  and  5  in  July  ;  perhaps  an  indication  that  the  young  turbot  move 
further  out  with  the  rise  in  temperature. 

From  what  has  been  stated  above,  ii  is  probable  that  the  smallest  at  4 
inches  (101mm.)  are  turbot  of  the  preceding  year  and  are  approaching 
their  first  year  of  age.  Whether  those  at  4^  to  4|  inches  (115mm.  to 
120mm.)  in  May  are  also  fish  of  the  preceding  year,  under  one  year  of  age, 
is  not  so  clear.  The  curve  formed  by  the  May  measurements  appears  to 
show  the  presence  of  four  groups,  and  the  first  is  separated  from  the 
second  by  a  deep  division  at  13cm  (5^  inches),  and  the  second  from  the 
third  at  17cm.  to  18cm.  (7  inchai)  The  figures,  in  centimetres,  are  as 
follows : — 


10    11    12    13    14    15    16    17 
8      8      6      15      7      1- 


19    20    21    22    23    24    25    26    27    28 


o      o      « 

ta  Jt  "^ 


2-1-1 
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It  does  not  appear  to  me  altogether  probable,  judging  from  the  facts 
given  above,  and  those  that  follow  from  the  older  groups,  that  all  the 
turbot  up  to  13cm.  (5^  inches)  are  under  one  year  of  age.  It  will  be 
observed  that  the  young  turbot  are  rather  smaller  than  the  young  brill, 
and  it  must  be  borne  in  mind  that  the  addition  of  a  unit  of  length  to  a 
turbot  means  a  much  greater  increase  in  growth  than  to  any  other 
fiat  fish,  owing  to  its  breadth  and  thickness  and  its  consequent  greater 
proportional  weight.* 

If  regarded  provisionally  as  approaching  their  second  year,  then  the 
next  group,  from  13cm.  to  17cro.  or  18cm.  (5^  to  7  inches),  must  be  looked 
upon  as  nearing  their  third  year;  the  fourth  group,  from  17cm.  or  18cm. 
to  22cm.  (7  to  8|  inches),  as  nearing  their  fourth  year;  and  those  from 
22cm.  to  26cm.  (8|  to  10|  inches)  as  approaching  their  fifth  year. 

TABLE  2. 


Inches. 


May. 


3 

1 
5 
1 
3 
2 
7 
1 


2 
2 


1 
1 


June. 

July. 

— 

_ 

1 

1 
2 

— 

2 

— 

1 
4 

1 

3 

1 
2 

1 
2 

1 

1    1    •    1    .    1    1 

1 

- 

- 

The  possibility  of  each  of  these  groups  being  a  year  younger  must  not 
be  lost  sight  of ;  in  any  event,  those  of  the  latter  size  can  scarcely  be  less 
than  four  years  of  age  or  near  it. 

Turning  now  to  the  collections  which  contain  the  larger  fishes,  we  have 
some  in  October,  November,  December,  and  February,  which  are  of 
interest.     The  measurements  are  given  in  Table  XYII. 

Although  the  numbers  are  not  large  in  any  instance,  the  arrangement 
and  order  of  the  figures  are  such  as  to  lead  to  the  supposition  that  the 
groups  are  of  small  dimensions. 

The  group  above  referred  to,  from  the  stake-nets,  as  extending  from 
about  22cm.  to  26cm.,  is  represented  by  only  a  single  specimen,  at  23cm., 
taken  in  December  at  Burghead  Bay.  It  is  at  the  end  of  either  its  fourth 
or  fifth  summer. 

*See  Twentifsecond  Annual  Report,  Part  III.,  pp.  144,  216. 
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The  next  series  is  represented  in  a  collection  from  Aberdeen  Bay  in 
October,  and  iu  it  there  are  ten  turbot  from  27-5cm.  to  30cm.  (10|-11| 
inches),  which  are  a  year  older. 

The  other  series  are  shown  in  the  Moray  Firth  collections  in  November, 
December,  and  February,  the  sizes  ranging  from  33cm.  to  80cm.  From 
Table  XVII.  it  will  be  seen  that  a  division  appears  to  exist  at  54-35cm.y 
and  it  is  probable  that  this  group  extends  ^k  at  least  to  30*5cm.,  as 
indicated  in  the  October  series. 

The  arrangement  of  the  measurements  in  one-centimetre  groups  may 
be  shown  in  the  subjoined  Table,  in  which  column  4  summarises  the 
figures  for  the  three  months,  October,  November,  and  December,  and 
column  6  summarises  them  all : — 


Cm. 

1 

9 

3 

4 

6 

• 

Oct. 

Nov. 

Dec. 

Sum.  of 
1,  2,  8. 

Feb. 

Sum.  of 
1-5. 

23 

1 

1 

1 

24 

_ 

^ 

••> 

^ 

. 

« 

25 

. 

^^ 

_ 

_ 

mm 

. 

26 

. 

mm 

— 

— 

~ 

27 

2 

_ 

— 

2 

m. 

f 

28 

2 

_ 

_ 

t 

. 

f 

29 

4 

.. 

— 

4 

— 

4 

30 

2 

«. 

— 

t 

~ 

t 

31 

1 

__ 

_ 

1 

_ 

1 

32 

— 

_ 

_ 

_ 

— 

-. 

33 

— 

2 

2 

4 

— 

4 

34 
35 
36 

- 

2 

1 

S 

1 

10 

_ 

$ 

1 

10 

1 
5 

5 

_ 

37 

- 

5 

9 

7 

2 

9 

38 

— 

5 

3 

,  8 

1 

9 

39 

— 

4 

— 

4 

2 

6 

40 

. 

2 

— 

2 

2 

4 

41 
42 
43 

- 

1 

1 

2 

2 
2 

4 
t 

2 

44 

— 

4 

2 

6 

— 

6 

45 

— 

4 

3 

7 

4 

11 

46 

47 
48 

— 

- 

~ 

— 

2 

1 

t 

1 

1 
1 

— 

1 
1 

mm 

49 

~ 

2 

_ 

t 

^ 

i 

50 
51 
52 

— 

1 

- 

1 

2 

3 

1 

1 

- 

1 

There  appears  to  be  evidence  in  this  Table  of  the  existence  of  at  least 
five  groups,  and  possibly  six,  if  those  turbot  under  34cm.  in  November 
and  December  are  regarded  as  separate  from  the  October  group.  The 
points  of  probable  separation  of  the  groups,  as  shown  in  the  *5cm. 
grouping,  are  34-35*5cm.,  46cm.,  and  50cm.,  or  52cm. 

The  age  of  these  turbot  is  considerable  in  any  way  the  figures  may  be 
regarded.  It  is  possible  that  they  represent  fish  of  4j,  5|,  6|,  7^,  8}, 
and  9 1  years  of  age ;  but  they  may  be  a  year  less,  and,  if  the  October 
group  is  looked  upon  as  terminating  at  about  34cm.  in  November  and 
December,  the  fishes  above  that  size  may  be  a  year  le&s  still. 

It,  however,  seems  certain  that  turbot  ranging  from  35cm.  to  41cm, 
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(13|-16^  inches)  are  not  under  5||  years  old,  and  that  those  about  50cm. 
(20  inches)  are  not  under  7=1  years  of  age,  while  those  between  40cm.  and 
46cm.  (16-18  inches),  when  reproduction  is  supposed  to  commence,  are  at 
least  6^  years  old  at  the  season  of  the  year  referred  to,  and  may  be  a 
year,  or  possibly  two  years,  older  still. 

It  seems  to  me  probable  that  thu  turbot  does  not  spawn  until  it  is 
at  least  seven  years  of  age. 

With  reference  to  the  slow  rate  of  increase  in  length  of  the  turbot,  as 
thus  indicated,  the  relatively  great  increment  in  weight  must  not  be  lost 
sight  of.  Thus  a  turbot  of  44cm.  (17|  inches)  weighs  about  1830 
grammes,  and  one  of  50cm.  (19|  inches)  weighs  about  2700  grammes, 
while  plaice  of  the  same  lengths  weigh  just  about  half — viz.,  about  950 
and  1430  grammes  respectively — and  a  female  plaice  of  44  cm.  is  at  least 
five  years  of  age,  and  may  be  siic.  On  the  other  hand,  one  would  expect 
that  the  rate  of  increase  of  weight  in  the  turbot  would  be  greater  than  in 
the  plaice,  owing  to  its  piscivorous  habit  and  feeding. 

BRILL  (Rhombus  kevis). 

As  with  the  turbot,  so  with  this  fish,  the  observations  in  respect  to  the 
rate  of  growth  are  not  as  complete  as  they  might  be.  A  considerable 
number  of  specimens  were,  however,  measured,  viz.,  1182,  and  they  appear 
to  be  satisfactory  as  regards  certain  groups  (Table  XVIII.). 

The  spawning  period  of  the  brill  is  about  a  month  or  so  earlier  than 
that  of  the  turbot,  extending  from  the  end  of  March  into  July,  the  chief 
spawning  taking  place  in  May.  The  egg  is  larger  than  that  of  the 
turbot,  varying  according  to  Heincke  and  Ehrenbaum,  from  l*24mm.  to 
r46mm.,  and  hatching  occurs  in  twelve  or  thirteen  days. 

The  smallest  specimens  in  my  collections  were  procured  from  Aberdeen 
Bay  on  1 8th  September,  being  taken  on  the  beach  at  low  tide  by  means 
of  a  push-net;  they  numbered  six,  and  measured  as  follows: — 38mm., 
40mm.,  47mm.,  49mm.,  51nun.,  and  54mm.,  cr  1^  to  2^  inches.  At  the 
mouth  of  the  Forth,  on  the  17th  September,  four  specimens  measuring 
41mm.,  54mm.,  57mm.,  and  58mm.,  and  another  of  78mm.,  or  a  trifle 
over  three  inches,  were  obtained  in  another  year.  Other  small  specimens 
taken* were  as  follows: — One  at  41mm.  (l|  inches),  by  the  push-net  in 
Lochfyne  on  27th  July ;  one  measuring  51mm.,  on  27th  July,  by  shrimp- 
net  at  Annan,  and  another  in  the  same  locality  on  30ih  April  which 
measured  80mm.  (3^  inches).  Mlntosh  mentions  specimens  measuring 
from  22mm.  to  29mm.  in  August,  one  of  24mm.  on  25th  July,  and 
others  from  50mm.-61mm.  in  September.  Cunningham  records  34 
specimens  measuring  from  22mm.  to  25mm.,  between  21st  May  and  11th 
June. 

All  the  above,  with  the  exception  of  the  specimen  taken  in  the  Solway, 
measuring  82mm.  (3|  inches),  on  30th  April,  were  no  doubt  derived  fiom 
the  spawning  in  the  same  year. 

Other  specimens  which  have  been  described,  and  which  apparently 
belong  to  the  spawning  of  the  previous  year,  are  as  follows: — That 
referred  to  above,  which  was  82mm.  long,  on  30th  April ;  one  of  74mm. 
(2i|^  inches)  taken  on  4th  May ;  one  of  91mm.  and  another  of  96mm. 
(3|  inches)  taken  on  25th  April ;  one  of  104mni.  taken  on  28th  April ; 
two  on  15th  June,  measuring  89mm.  and  104mm. ;  and  two  on  14th 
May,  measuring  98mm.  and  108mm.  {i^  inches) — all  of  which  are 
lefened  to  by  Cunningham.  These  specimens,  together  with  some  of  the 
smaller  individuals  got  in  salmon  stake-nets  and  referred  to  below,  may  be 
included  in  the  following  Table ;  the  latter  are  represented  by  a  small  (x), 
the  former  by  a  large  (X) : — 
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Cm. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Not. 

Dec 

1 

•5 
2 

•6 
3 

•5 
4 

•6 
6 

•5 
6 

•6 
7 

•5 
8 

•6 
9 

•5 
10 

•5 
11 

•6 
12 

•6 
13 

•6 
14 

•5 
15 

•6 
16 

•5 
17 

•6 
18 

•5 

^ 

- 

- 

J 

X 

X 
X 

X 

X 

X 

XX 
X 

XXX 
X 

xxx 
xxx 

XX 
X 

X 

^       • 

»         ^" 

- 

X 
X 

X 

X 
X 

X 

T 

XXXX 

xxxx 

X 

X 
Xx 

X 

Xxxx 

X 

xxxx 

X 
X 

X 

X 

X 

X 

X 

Xxx 
X 

XX 
X 

X 
X 

xxxx 

X 
X 

X 

The  outstanding  feature  of  the  above  Table  is  that  a  line  drawn 
diagonally  from  the  top  left-hand  comer  (at  January)  to  the  bottom  right- 
hand  corner  divides  the  small  brill  into  two  groups,  an  upper  and  a  lower; 
and  the  inference  is  that  those  below  the  line  in  April,  May,  and  June 
are  a  full  year  or  more  in  age. 

Before  considering  this  Table  further,  reference  may  be  made  to  some 
experiments  by  Cunningham  in  rearing  young  brill  in  tanks.  He  placed 
the  34  specimens,  measuring  from  22ium.  to  25mm.,  taken  between  2ist 
May  and  11th  June,  and  above  mentioned,  in  an  aquarium.  He 
computed  their  age  to  be  about  three  weeks  or  a  month.  On  18th 
October  following  four  of  them  were  measured,  and  their  length  was  found 
to  be  from  70mm..  to  98mm.  (2|  -3^  inches),  the  growth  of  these  four,  in 
the  140  days  or  so  that  elapsed,  amounting  to  about  60mm. — or,  to  give 
the  extremes,  to  from  45mm.  to  76mm.  The  author  does  not  state 
anything  as  to  the  sizes  of  the  others,  except  that  on  4th  October  one 
measured  85mm. ;  nor  is  the  temperature  given,  but  it  is  obvious  that 
the  period  comprised  the  chief  season  of  growth.  Other  two  of  these 
brill  were  measured  on  3rd  April  in  the  following  year,  and  their  lengths 
were  respectively  84mm.  and  88mm.  (3^3j|  inches),  giving  an  approxi- 
mate increase  from  the  beginning  of  June  in  the  previous  year,  or  in  about 
307  days,  of  only  6cm.,  or  2|  inches.    These  fish  were  nearly  one  year  old. 

Cunningham  suggests  as  a  reason  for  the  slow  growth,  which  he  thinks 
had  been  abnormally  checked,  that  they  were  fed  on  marine  worms  and 
not  on  living  fish ;  but  it  is  much  more  likely  that  it  was  chiefly  owing 
to  the  lowered  temperature  of  the  water  in  winter.  I  have  already  shown 
that  small  plaice  at  the  same  stage,  which  frequent  the  same  habitat  on 
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the  beach,  do  not  grow  between  October  and  April,*  and  that  this  is  true 
also  of  larger  plaice  kept  in  tanks  and  supplied  with  water  from  the  beach. 

It  is  probable  that  the  young  brill,  living  on  the  margin  of  the  sea,  does 
not  increase  in  length  from  November  till  the  latter  part  of  March. 

In  a  subsequent  year  Cunningham  records  having  placed  some  young 
brill  in  the  pelagic  transformation  stage  in  tanks  in  June.  On  19th 
October  following  three  measured  8(hnm.,  85mm.,  and  104mm.,  and  on 
4th  April  in  the  next  year  one  was  113mm.t 

Looking  to  the  Table  above  given,  it  will  be  seen  that  under  natural 
conditions  the  young  brill  in  September  may  reach  a  length  of  6cm. 
and  even  8cm.,  while  those  taken  in  April  of  the  following  year  may 
measure  from  80mm.  to  105mm. ;  in  May  they  may  be  as  small  as 
74mm.,  96mm.,  and  98mm.,  and  in  June  as  small  as  89mm.,  that  is, 
when  fully  one  year  old. 

Some  years  ago  a  record  was  kept  at  Montrose  of  small  brill  and  turbot 
taken  in  May,  June,  and  July  in  stake-nets,  as  previously  mentioned. 
They  were  measured  to  fractions  of  an  inch.  The  total  number  of  brill 
was  53,  and  30  of  them  were  taken  in  May,  16  in  June,  and  7  in  July. 
The  particulars  are  set  forth  in  the  appended  Table. 


Inches. 


May. 


2 
2 
4 
2 
6 
2 
2 
1 
1 


1 
2 
2 
2 


June. 


2 
1 


2 
1 


July. 


3 
1 


•  Tttentuik  Annual  JUport,  Part  III.,  p.  342. 
t/otir.  M.B.A.,  II.,  p.  106;  III.,  p.  272. 
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The  smallest  one  was  got  on  19th  June  in  St  Cyrus  Bay ;  it  measnred 
1|  inches,  or  about  3cm.,  and  belonged  no  doubt  to  the  brood  of  the  year. 
Tlie  next  smallest  were  4  inches,  or  about  10cm.,  and  brill  of  this  size 
were  procured  on  8th  and  12th  May,  and  doubtless  represent  the  fish  of 
the  previous  year,  and  would  therefore  be  about  one  year  old.  At  4|| 
inches  (114mm.)  four  were  taken,  two  on  4th  and  5th  May,  and  two  on 
5th  and  6th  June.  The  next  size  was  five  inches  (127mm.),  of  which  six 
were  taken — four  in  May,  one  in  June,  and  one  in  July  (8th).  At  6 
inches  (152mm.)  there  were  eleveu,  six  of  which  were  obtained  in  May, 
four  in  June,  and  one  in  July.  The  largest  brill  secured  was  11|  inches, 
in  May. 

Looking  down  the  column  for  May,  the  place  where  the  first  striking 
interval  occurs  is  between  8  inches  and  8|  inches,  or  about  20cm.  to 
22cm. ;  but  it  is  pretty  certain  that  fish  of  this  length,  or  even  of  7| 
inches  (19*5cm.)  do  not  belong  to  the  same  series,  which,  as  we  saw,  has 
individuals  measuring  as  low  as  74mm.  in  May. 

The  nature  of  the  net  by  which  the  brill  were  taken  must  be  borne  in 
mind,  practically  all  the  very  small  fish  and  many  of  those  of  the  sizes 
included  in  the  Table  no  doubt  escaping.  It  seems  to  me,  considering  the 
Table,  the  rate  of  growth  of  other  flat-fishes,  the  much  greater  increase  in 
weight  or  volume  in  the  case  of  the  brill  than  with  the  plaice,  dab,  &c., 
that  the  one-year-old  group  is  represented  in  May  by  those  at  4  inches 
(I0*2cm.)  and  probably  at  ij^  inches  (ll*5cm.);  that  those  from  5  to  7 
inches  (12'7cm.  to  17'8cm.),  or  perhaps  to  7^  inches  (19*0cm.)  are  two 
years  of  age  ;  those  from  8  to  9||  inches  (20cm.  to  24cm.) — and  the  group 
is  obviously  only  partially  present — are  three  years  of  age ;  while  the 
brill  at  11 1  inches  (28'5cm.)  is  probably  four  years  old. 

It  seems  to  me  likely  that  the  range  of  size  of  the  one-year-old  brill  is 
from  about  70mm.  to  about  115mm.  (2|  to  4^  inchest  or  perhaps  a  little 
less,  with  an  average  size  of  about  90mm.  to  95mm.  (3|  to  3|  inches). 

Attention  may  now  be  given  to  the  catches  made  on  board  trawlers  in 
the  Moray  Firth,  the  particulars  in  regard  to  which  are  given  in  Table 
XVIII.  These  hauls  were  limited  to  November,  December,  and  February, 
and  the  collection  in  the  latter  month  was  a  small  one.  In  none  of  the 
cases  were  the  sexes  separated,  the  fish  being  too  valuable  to  be  opened 
for  the  purpose,  and  the  collections  under  the  various  dates  represent  a 
series  of  hauls,  all  the  brill  taken  having  been  measured.  Some  groups 
come  out  with  distinctness,  and  the  measurements  may  be  grouped  here 
in  centimetres. 


'Tabli. 
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Cm. 

NOVMMR.                     DkBHBBB. 

rf 

5 

1 

5 

it 

I'- 
ll 

If 

1 

li 

j 

21 
32 
23 
24 

2i 
2S 
27 
28 
29 

80 

ai 

S2 
33 
S4 

3S 

sa 

87 
38 
39 
V> 
41 
42 
43 
44 

4G 

48 

47 
48 
49 
60 
51 
52 
GS 
M 
6S 

se 

67 
U 
56 
80 

SI 
62 

2 

2 
6 

7 

2 

2 
S 

■ 
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1 
I 

2 
3 

1 

1 
1 

1 
1 

2 

2 
3 

2 

4 
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4 

2 

1 
2 

1 

2 

1 

1 

1 

1 
2 
4 
3 

6 

7 

2 
2 

1 
1 
1 
1 

3 
2 

1 

2 
2 

4 
1 

2 
2 
4 

3 
3 

1 
1 

1 
I 

3 

6 

1 

1 
2 

2 

3 
5 

8 
8 

3 
3 

2 

5 

8 
14 
13 

2 
2 

3 
2 

n 

10 
4 

1 

13 
12 

7 

e 

IS 
IS 

5 

7 

37 
35 

sa 

12 

18 

28 
Ifi 
11 

4 
3 
2 
3 

3 

7 
4 

B 
4 
S 
4 
3 

1 

2 

11 

7 

7 
3 
4 

0 

16 
IS 
25 
23 
IS 
11 

13 
31 
53 
57 
60 

41 
22 

11 

2 
2 

10 
25 
22 
24 
27 
14 
13 
8 

1 
1 

I 

8 
9 

5 
3 

6 
3 

1 

1 

1 
1 

2 
2 

1 

The  curves  formed  by  theae  figures  combined  indicate  a  great  group, 
which  includaa  the  greater  proportion  of  the  briil  between  about  34cni. 
(13^  inches),  where  a  diviaioD  between  groups  is  most  distinct,  and  42cm. 
or  43cm.  (17  inches).  Taking  the  larger  combined  series  first,  for  all  hauls 
in  Ifovember  and  December,  the  group  extends  from  34cm.  to  45cm., 
but  the  lower  part  of  the  descending  line  of  the  curve  and  its  form 
indicate  the  probability  that  two  groups  are  combined,  the  probable 
division  being  at  41cm.  to  42cm.  'the  great  majority  of  the  fishes  are 
aggregated  at  37cm.  to  40cm,,  the  largest  number  being  at  39cm.  and 
Oie  next  at  40cm.  (ISJ-l^j  inches). 

In  the  November  series  tbe  curve  and  its  limits  are  much  the  same,  the 
gmnp  beginning  at  34cm.,  and  it  appears  to  terminate  at  44cm.  or  46cm., 
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but  more  probably  at  42cm.      The  fish  are  aggregated  between  the  same 
limits,  37em.-40cm.,  but  the  greatest  number  is  at  38cm.  (15  inches). 

In  the  December  series  the  lower  limit  is  at  34'5cm.;  the  greater 
number  of  the  fishes  are  at  39cm.  and  40cm.,  most  being  at  39cm.;  but 
the  end  of  the  group  is  not  clear,  the  line  falling  gradually  from  42cm.  to 
49cm. 

The  curve  for  the  measurements  of  brill  taken  on  9th-llth  Novem- 
ber shows  plainly  a  group  beginning  about  35cm.,  bat  the  greater  numbers 
of  fish  are  at  36cm.,  aft-er  which  the  line  of  the  curve  falls  more  or  less 
regularly  to  41cm.,  then  rising  to  43cm.,  and  falling  thereafter;  there  are 
none  between  43cm.  and  47cm  ,  but  the  numbers  are  not  large. 

The  fish  taken  in  the  Dornoch  on  9th-llth  November  show  a  group 
beginning  about  35cm.,  and  there  is  a  similar  fall  at  41cm.  to  42cm.,  and 
a  rise  to  43cm.  In  the  hauls  on  25th  and  26th  December  this  fall  at 
41cm.  is  also  present.  The  curve  of  the  measurements  of  the  brill  taken 
at  Burghead  on  21st-27th  November  show  the  group  beginning  at  33*5cm. 
or  34cm.  and  ending  at  42cm.,  but  there  is  a  depression  at  39*5cm.  to 
40cm.;  most  of  the  fish  are  aggregated  between  37*5cm.  and  40'5cm.  In 
the  brill  taken  in  the  early  part  of  February  the  limits  of  the  great  mass 
are  from  about  34cm.  or  35cm.  to  44cm.  or  45cm.,  but  there  are  depres- 
sions at  39' 5cm.  and  42cm.;  the  greater  number  of  the  fishes  are 
aggregated  between  38cm.  and  41cm.,  mostly  at  the  latter  (16  inches). 

Comparison  of  the  upper  part  of  the  cone  of  the  curves,  that  is  to  say, 
the  "  modal ''  sizes,  or  the  sizes  at  which  the  brill  are  most  numerous,  in 
the  different  periods,  is  indicated  in  the  following  Table: — 


Greatest  Number 
Between. 

Maximum. 

Mean. 

Burghead,  November   9,  10  . 

21-27  . 

„         December     6-12 . 

February      6-7    . 

All  November 
All  December 

36-89 
37-41 
37-41 
38-41 

87-40 
37-41 

36 
38 
89 
41 

38 
89 

37-5 
89 
88-5 
89-6 

38-5 
89-5 

The  next  smallest  series  of  brill  shown  in  these  collections  ends  where 
the  last  one  begins,  about  34cm.  to  35cm.  In  all  cases  the  measurements 
and  curves  indicate  that  the  smaller  fishes  in  the  group  are  not  fully 
represented.  The  fish  arc  aggregated  in  greatest  numbers  at  31cm.  to 
32cm.,  which  is  larger  than  it  ought  to  be  by  the  limits  of  the  group. 
The  distances  from  the  actual  apex  in  the  curves  of  the  two  groups,  or  the 
sizes  of  greatest  frequency,  are  as  follows,  in  centimetres: — 


Smaller 
Group. 

Larger 
Group. 

Apparent  Annual 
Growth 

November      .... 
December      .... 
Togrother        .... 

Burghead,  Noyembcr  9,  10,  . 

31-5 

32 

82 

31 

38 
39  • 
39 

36 

6-5(2|in.) 
7     (2|in.) 
7     (28  in.) 

5     (2   in.) 

The  smaller  group  is  well  represented  in  the  collection  of  21st-27th 
November,  but  it  is  poorly  shown  in  most  of  the  others.  It  is  obvious 
that  the  amount  of  growth  in  a  year,  as  indicated  in  this  comparison,  is 
small. 
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The  third  or  smallest  group  represented  has  its  upper  limit,  as  stated, 
about  24cm.  (9|  inches),  but  the  lower  limit  cannot  be  determined  from 
these  collections,  the  smallest  specimens  measuring  only  21cm.  (216mm.), 
or  8^  inches,  but  it  may  be  inferred  from  the  consideration  of  the  brill  in 
the  other  collections. 

The  principal  reason  of  the  unequal  representation  of  the  three  groups 
above  referred  to  in  the  collections  from  the  Moray  Firth  is  no  doubt  the 
depth  of  water  in  which  the  trawling  was  carried  on,  4^  or  5  to  13  and 
more  fathoms.  The  smaller  brill  frequent  the  shallower  water,  and  thos 
the  proportion  taken  of  the  larger  members  of  the  second  series  is  greater 
than  the  proportion  of  the  smaller  members,  while  comparatively  few  of 
the  third  or  smallest  series  were  caught,  and  they  were  only  the  larger 
fishes  of  that  series. 

It  appears  to  me  that  the  size — or  age-groups — of  the  brill  in  these 
collections  may  be  represented  as  follows  with  approximate  accuracy : — 


Inches. 

i  Centimetres. 

1 

1  yenr 

old.      . 

25-44 

1 
70-11 -5 

2     „ 

5-74 

12-17-5,  18 

3     „ 

S-10 

19,  20-24 

4     ,. 

10-12 

25-30 

5     ,. 

12-14 

30-35 

6     „ 

14-16 

35-40 

7    ., 

0^       16-174 

40-44 

At  the  same  time,  it  must  be  recollected  that  the  sexes  were  not  distin- 
guished and  separately  measured,  and,  judging  from  the  case  in  other 
Bat-fishes,  the  growth  of  the  males  will  be  slower  than  that  of  the  females 
after  the  size  of  maturity  is  reached,  and  it  is  thus  possible  that  what 
appears  to  be  an  age-group  after  that  size  may  only  be  a  sex-group.  But, 
from  the  remarkable  agreement  in  the  various  collections,  as  shown  by  the 
aggregate  or  combined  curves,  and  by  the  separate  curves,  as  to  the 
existence  of  a  division  between  groups  at  34cm.  to  35cm.,  it  is  clear  to  me 
that  this  confusion  does  not  exist  below  that  point,  but  that  the  sexes  so 
far  grow  equally;  and,  therefore,  that  sexual  maturity  is  not  reached 
either  by  males  or  females  till  a  size  above  34cm.  to  35cm.  (13=1  to  13| 
inches),  and  that  the  great  spawning  group  lies,  in  winter,  between  35cm. 
and  41cm.  or  42cm.  (14  to  16,  17  inches),  when  they  appear  to  be  about 
six  years  old. 

It  may  be  added  that  the  weight  of  a  brill  at  a  given  length  is  much 
greater  than  with  other  flat-fishes,  except  the  turbot.*  The  weight  of  a 
plaice  about  39cm.  is  approximately  650  grammes ;  that  of  a  brill  about 
the  same  size  is  approximately  950  grammes.  Thus  the  amount  of  growth 
of  the  brill  by  the  increase  of,  say,  1cm.  in  its  length  is  much  more  than 
in  the  plaice  with  a  similar  increase. 

C(.)D   (Gadus  caUarias), 

The  number  of  cod  measured  and  dealt  with  in  the  present  paper, 
and  belonging  to  50  separate  collections,  is  3813,  which,  with  those 
treated  of  in  the  paper  published  previously,  makes  a  total  of  this  species 
of  7176,  most  of  which  belong  to  the  two  or  three  first  generations. 

The  main  points  brought  out  in  the  paper  referred  to  were  that  the 
young  cod  of  the  year  were  on  an  average  in  October,  when  about  si::  or 

♦  See  Tables  in  Tweniy-second  AnnucU  Report^  op.  144,  219, 
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seven  months  of  age,  approximately  4|  inches  in  length,  the  size  varying 
from  ahout  3  inches  to  about  7||  inches,  and  in  December  they  were  of 
much  the  same  size.  It  was  estimated  that  the  growth  during  the  second 
year  amounted  to  about  16 '7cm.,  or  a  little  over  6^  inches;  that  the 
average  size  of  a  cod  when  about  two  years  of  age  was  approximately  a 
little  over  13  inches;  when  about  three  years  old  about  20  inches;  and 
when  four  years  old  about  27  or  28  inches  ;  and  that  though  some  might 
reach  a  size  equal  to  that  of  sexually  mature  males  when  three  years  of 
age,  the  great  majority,  and  perhaps  all,  would  not  spawn  till  they  were 
about  four  years  old. 

Since  the  publication  of  my  paper  on  the  growth  of  the  cod,  in  the 
Annual  Report,  for  1 900,  a  number  of  investigations  have  been  made  on 
the  same  subject,  which  may  bo  briefly  referred  to. 

Dr.  Petersen  gave  an  estimate  of  the  growth,  in  Danish  waters,  as 
follows: — In  its  first  year  it  is  between  1  and  8  inches  long;  in  its 
second  between  10  and  18;  in  its  third  between  20  and  30;  and  in  its 
fourth  year  30  inches  and  longer ;  and  he  states  that  this  rate  of  growth 
is  somewhat  similar  to  what  is  given  by  me  in  the  above  paper.  Measure- 
ments are  not  given  by  Dr.  Petersen,  except  in  certain  cases,  viz.,  of  fish 
taken  at  the  end  of  March  by  line,  and  two  groups  are  shown — first,  one 
in  which  the  first  year  has  been  completed,  and  which  measure  from 
about  9cm.  to  about  22cm.  (3^-9|  inches) ;  and  second,  a  group  which 
have  completed  two  years,  and  measure  approximately  from  27cm. 
to  52cm.  or  53cm.  (10|-20^  inches),  the  maximum  number  in  each 
group  being  massed  about  15cm.  or  16cm.  (6-6|  inches)  and  36cm.  to 
39cm.  (14j-15^  inches);  while  cod  above  52cm.  or  53cm.  (20^  inches) 
are  described  as  of  greater  age.* 

In  several  of  his  papers  dealing  with  the  Norwegian  fishery  investiga- 
tions, Hjort  has  given  an  account  of  the  rate  of  growth  of  the  cod.  A 
length  of  between  8cm.  and  16cm.  (3^-5^  inches)  is  assigned  to  it  in  ite 
first  year,  and  between  18cm.  and  24cm.  (7^9 1  inches)  in  the  second 
summer  of  its  life,  when  it  is  about  1  ^  years  old,  which  agrees  with  my 
results.  In  a  table  of  measurements  of  cod  taken  on  the  ^oath-west 
coast  of  Norway  in  August,  the  following  sizes  are  shown  : — (1)  a  group, 
about  six  months  old,  from  4  cm.  to  13cm.  (l§-5^  inches),  most 
measuring  6cm.  (2)  A  group,  about  1  j  years  old,  from  16cm.  to  30cm. 
(6^-11 1  inches),  and  most  about  25cm.  (9|  inches).  (3)  A  group, 
about  2^  years  of  age,  from  32cm.  to  42cm.  (12|-16j|  inches).  All 
these  groups  agree  with  my  own  determinations.t 

In  another  work  on  Norwegian  fisheries,  Hjort,  referring  to  the  cod  on 
the  coast  of  Finmarken,  distinguishes  four  age-groups : — (1)  One  year  old, 
about  20cm.  long  (7^  inches).  (2)  When  two  years  old,  and  known  as 
**  Finmarken  cod  "  or  "  Lodde  cod,"  and  forming  an  important  fishery  on 
the  Finmark  coast,  to  which  a  length  of  50cm.,  or  19|  inches,  is  assigned. 
(3)  A  group,  at  least  three  years  of  age,  comprising  the  largest  cod,  and 
forming  the  basis  of  the  *'Skiei"  fishery,  and  measuring  about  70cm.  in 
length  (27 iJ  inches)  J  It  seems  to  me  that  the  two  last  groups  are  probably 
too  large  ;  they  do  not,  at  least,  agree  with  the  rate  of  growth  in  the  North 
Sea.  No  details  of  the  measurements  are  furnished,  except  in  a  diagram, 
which  shows  the  measurements  of  the  Finmarken  cod  in  April,  and  of 
the  larger  cod  on  the  Malangsgrunden.  A  growth  of  30cm.  (11|  inches) 
in  a  year  from  the  first  to  the  second  group  seems  excessive. 

In  another  paper,  Hjort  refers  to  the  Danish  investigations  on  the 
"  Thor,"  referred  to  below,  and  mentions  that  with  the  cod  taken  by  the 

*  Report  of  thf  IMm'fh  Biological  Station,  /X,  pp.  4,  30. 
t  Hjort  and  Dahl,  Fiskeforsog  i  Nor«ke  Fjorde,  pp.  75,  77. 
X  Fiskeri  og  Hyjilfangst  i  det  Nordlige  Norge,  pp.  50-53. 
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"Michael  Sars"  between  Finmarken  and  Bear  Island,  the  following 
groups  appeared  to  exist,  though  he  states  that  the  material  at  disposal 
was  not  abundant  or  sufficient  to  make  the  distinction  between  the  groups 
very  clear;— (I)  One  year  old,  10cm.  to  30cm.  (4-ll|  inches);  (2) 
30cm.  to  60cm.  (ll|-23i  inches);  (3)  60cm.  to  90cm.  (23^-35^ 
inches).     Detailed  measurements  are  not  given.'^ 

In  connection  with  the  Danish  investigations  at  Iceland,  Schmidt,  in  an 
important  paper,t  deals  with  the  rate  of  growth  of  the  cod,  of  which  very 
large  numbers  were  measured.  His  results  at  Iceland  differ  from  those 
of  other  workers  in  other  regions  in  certain  respects.  With  the  exception 
of  the  youngest  group,  the  cod  were  taken  on  the  east  coast  of  the  island, 
between  Seydisfjord  and  Heradsflui,  with  eel-seines,  English  trawls,  and 
long-lines,  in  depths  from  0-350  fathoms.  The  period  was  between  19th 
and  29th  July,  1904.  The  youngest  group,  from  3cm.  to  7cm.,  are  not 
found  in  July  on  the  east  coast,  and  those  of  this  series  included  in  his 
tables  and  calculations  as  to  age,  were  taken  on  23rd  August  at  Beyk- 
iarfjord,  on  the  north  coast,  with  an  eel-seine  in  a  few  fathoms.  These 
groups  are  as  follows : — 


Group. 

Probable 
Age. 

Range ( 

)f  Sizes. 

Appro: 
Averaj 

cirnate 
fe  Size. 

Approximnte 
Annua]  Growth. 

Cm. 

Inches. 

;     Cm. 

Inches. 

Cm.       Inches. 

1 

h  year. 

3-8 

U3i 

5            2 

( 

1 

2 

14  years, 

9-17 

H-^ 

11  or  12        44 

6-5     i      %^ 

3 

24      ,. 

18-30 

7i-llf 

22      1      8J 

1 

10-0           3f| 

4 

H    M 

30-45 

ll|-17f 

33  or  34 

134 

11-5     ,      44 

5 

4^       n 

45-81 

17^32 

61 

24 

27-5 

lOJ 

6 

H        M 

81-105 

3:i-4U 

88 

34| 

27-0         10| 

It  will  thus  be  seen  that  the  growth  of  the  cod  at  Iceland,  according  to 
these  results,  is  abnormally  slow  in  the  early  stages.  That  a  small  cod 
should  grow  only  2^  inches  in  a  year,  and  reach  an  average  length  of 
only  4^  inches  in  the  middle  of  its  second  summer,  is  remarkable,  while 
the  increase  to  the  third  summer  is  only  4  j  inches.  These  Iceland  cod, 
when  approximately  3^  years  of  age,  correspond  to  the  cod  in  Scotland 
which  are  scarcely  more  than  two  years  old.  In  the  next  year,  to  the 
middle  of  the  fourth  summer,  the  increase  is  very  much  greater — viz., 
about  10|  inches ;  and  the  increase  to  the  following  summer,  when  they 
are  supposed  to  be  about  5^  years  old,  is  also  over  10  inches.  The 
difference  between  these  groups  is  brought  out  more  strongly  when  the 
mean  weight  is  considered,  as  well  as  the  length  of  the  fish.  These  are 
as  follows,  according  to  the  Tables  I  published  in  the  Report  for  1903^  : — 

*  Bericht  iiber  die  Thatigkeit  der  Kommission  A.  August,  1902 — Febmar,  1904  ; 
p.  51. 

t  FiskeriundersugelRer  ved  Island  og  Faeroeme  i  Sommereu,  1903,  pp.  62  et  tt^. 

iTtcentvsfcond  Annual  Rfiport,  Part  III.  "The  Relation  of  Length  to  Weight," 
pp.  142,  229.  I  may  take  this  opportuaitv  of  pointing  out  thfct  Dr.  Kyle,  in  his  excellent 
paper  on  small  plaice,  "  Fir?t  Report  on  tho  Stfitistical  Material  received  bj-  the  Bureau 
regaurding  the  Quantities  of  Small  Plaice  landed  in  tho  Various  Countries "  (Conseil 
Permanent  International  pour  L'Exploration  de  la  Mer,  Rapports  et  Procii-Verlaux,  etc., 
Vol.  IV.  ;  Juillet  1904-,!  uillet  1905  (1905,  p.  50),  has,  by  an  oversight,  referred  to  my 
detenninatioos  as  showing  the  fish  at  every  5  centimetrss  oi  bitgth.  instead  of  every  0*5 
oentimetre. 
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1*04  grammes,  or  '^  ^'* 

97*4  „         „  3J  „ 

-  3807  „        „  13i  „ 

-  2129  „         „    4  lbs.  Il5  „ 

-  7000  „         „  15  lbs.  10|  „ 

The  spawning  period  at  Iceland  is  much  the  same  as  in  the  North  Sea, 
and  Dr.  Schmidt  found  that  the  cod  of  the  last  group,  with  an  average 
size  of  88cm.,  and  ranging  from  "  a  little  under  70cm.  and  upwards,"  in 
July,  had  spawned  in  the  spring,  while  those  of  the  group,  with  an 
average  of  about  60cm.  (24  inches),  would  spawn  for  the  first  time  in  the 
following  year. 

It  may  seem  to  one  possible  that  the  second  group  of  small  cod,  with 
au  average  size  of  4^  inches,  might  have  been  spawned  in  the  spring  of 
the  year,  and  that  the  smaller  fish,  taken  on  the  north  coast,  have  a 
different  rate  of  growth  there.  It  must  be  remembered,  however,  as 
Dr.  Schmidt  has  so  well  shown,  that  the  physical  conditions,  as  tempera- 
ture, vary  very  much  at  different  parts  of  the  coast  of  Iceland,  and  that 
the  life  and  wanderings  of  the  cod  are  influenced  thereby.  He,  moreover, 
gives  a  table  showing  the  growth  of  young  cod  at  one  place  (Seydisf  jord), 
and  all  taken  in  this  case  with  one  apparatus,  the  eel-seine,  between  23rd 
May  and  17th-23rd  September,  1903.  On  23rd  May  180  measured 
from  7cm.  to  11cm.,  with  an  average  of  about  9cm.  (3j  inches) ;  on  23rd 
July  3300  measured  from  10cm.  to  17cm.  (4-6|  inches),  the  average  size 
being  placed  by  him  at  12cm.  (4|  inches),  though  it  might  perhaps  be  better 
at  13cm.;  on  17th-23rd  September  1350  measured  from  13cm.  to  20cm. 
(5^-7|  inches),  the  average  being  at  16cm.  (6|  inches).  The  first  group 
thus  grew  about  3cm.  (1|  inches)  in  the  two  months  May-July  ;  in  the 
two  months  from  July  to  ^September  the  growth  amounted  to  4cm 
(1^  inches),  and  in  the  whole  period  of  four  months  it  amounted  to  7cm., 
or  2|  inches.  In  the  September  collection,  moreover,  30  much  smaller 
cod  were  obtained,  measuring  4cm.  and  5cm.  (1  j-2  inches),  and  relating 
these  to  the  older  group,  and  taking  their  average  size  at  4cm.,  the 
growth  over  the  winter  would  amount  to  only  5(:m.,  or  2  inches,  and  from 
September  to  September  it  amounted  to  about  12cm.,  or  4|  inches.  These 
fish  wei*e  caught  between  the  shore  and  5  fathoms  depth. 

A  collection  made  with  the  eel-seine,  from  the  shore  to  6|  fathoms,  on 
9th  September,  1903,  at  Vaagfjord,  Suder,  in  the  Faeroes,  showed  three 
groups: — (1)  The  young  of  the  same  year,  277  in  number,  measuring 
from  4cm.  to  12cm.  (l|-4f  inches),  with  an  average  size  of  about  7cm. 
(2 J  inches) ;  (2)  a  group  of  87,  measuring?  from  17cm.  to  31  cm.  (6|-12^ 
inches),  about  1  j  years  old,  or  more,  and  with  an  average  size  of  about 
25cm.  (9|  inches)  ;  (3)  a  group  of  5  cod,  from  37cra.  to  41cm.  (14J-16J 
inches).  These  results  agree  well  with  my  own,  and  show  an  increase  in 
the  year  of  about  18cm.  (7  J  inches). 

Recently  a  good  deal  of  attention  has  been  given,  especially  by  German 
investigators,  to  the  growth  of  fishes  as  indicated  by  the  markings  on  the 
bones,  otoliths,  and  scales.  Mr.  Stuart  Thomson  investigated  the  age  of 
cod  by  means  of  the  markings  on  the  scales.  The  specimens  were  taken  un 
26th  August,  and  measured  20-9cm.  (8|  inches)  ami  251cm.  (9*9  inches), 
and  the  age  determined  in  each  case  was  about  one  year  and  4-5  months ; 
the  fish  were  thus  well  on  in  their  second  summer's  growth.  The  result 
agrees  with  those  obtained  by  me,  as  Mr.  Thomson  points  out ;  they  tally 
almost  exactly  with  the  collection  on  22nd  August,  referred  to  in  the 
Table  below. 
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Most  work  of  this  kind,  by  making  use  of  the  hard  strnctures  of  fish 
as  a  gaide  to  their  probable  age,  has  been  done  by  Profe&sor  Heincke  and 
his  coadjutors  at  the  Biological  Institute  of  Heligoland.  The  results  are 
not  yet  fully  published,  but  Professor  Heincke  has  given  some  of  his 
conclusions  in  two  recent  publications.*  The  investigation  was  made  on 
the  cod  on  the  German  coast  and  at  Heligoland,  a  fact  to  be  kept  in 
mind,  as  it  is  possible  that  on  the  shallow  coast  on  the  other  side  of  the 
North  Sea,  where  the  saltness  of  the  water  is  less  than  on  this  side,  the 
cod  grow  less  quickly  than  they  do  on  the  western  side,  as  appears  to  be 
the  case  in  the  Baltic.  Heincke  estimates  the  size  of  the  cod  in  the 
southern  part  of  the  North  Sea  as  follows:  — 


Year. 

Range  of  Sizes. 

Average  Size. 

Increase. 

In  first  year,     -    • 
In  second  year 
In  third  year,   -    - 
In  fourth  year, 

Cm. 

8-18 

Inches. 
8Hl 

Cm. 
14 
about  27 
„      35-40 
„      45-50 

Inches. 

13i-15| 
17i-19^ 

Cm. 

18 
10 
10 

He  says  they  have  learned  from  a  study  of  the  bones  that  a  cod  of  50cm. 
(19|  inches)  "  has  lived  at  most  four  complete  years,  and  we  believe — 
provisionally — that  the  cod  does  not  spawn  for  the  first  time  until  it  has 
lived  four  complete  years,  probably  at  the  end  of  its  fifth,  at  latest  the 
sixth  year.''  And,  again,  in  the  later  paper,  that  it  does  not  become 
sexually  ripe  until  the  completion  of  the  fourth  year,  and  perhaps  only 
after  the  completion  of  the  fifth  year,  when  the  average  size  is  between 
55cm.  and  60cm.  (21|-23|  inches). 

After  spawning,  the  rapidity  of  growth  diminishes,  as  in  other  fishes, 
80  that  a  cod  of  75cm.  (29^  inches)  is  at  least  7  years,  and  probably  8-9 
years  old ;  one  of  85cm.  (33;|  inches)  at  least  8,  and  probably  9  or  10 
years  old,  and  one  of  100cm.  at  least  10,  and  probably  12  or  more  years 
of  age.  Young  cod,  under  one  year  of  age,  were  found  to  grow  in  the 
aquarium  at  Heligoland,  when  well  fed,  not  less  than  1mm.  daily  (or  at 
a  rate  of  about  1^  inches  a  month)  from  the  beginning  of  August  to  the 
middle  of  September,  and  from  the  middle  of  September  to  the  end  of 
October  ^  to  ^  of  a  millimetre  daily ;  and  it  is  stated  that  growth  in  the 
open  sea  would  certainly  be  greater.  As  stated  in  my  previous  paper,  a 
cod  of  11|  inches  in  the  tank  at  the  Laboratory  at  Aberdeen  grew  to 
12J  inches  between  28th  August  and  26th  September,  or  at  the  rate  of  a 
millimetre  per  day. 

Mr  J.  T.  Cunningham  has  also  studie*!  the  rate  of  growth  or  age  of  cod 
by  the  markings  on  the  hard  structures,  but  his  conclusions  do  not  quite 
agree  with  those  of  Professor  Heincko,  and  he  diflfers  also  as  to  the 
stractures  best  fitted  to  show  the  growth. t  Professor  Heincke  found  the 
otoliths  and  scales  much  less  satisfactory  than  the  bones,  and  particularly 
the  coracoid  and  scapula,  especially  in  the  cod,  ••  which,  for  the  rest,"  he 
says,  "  is  one  of  the  most  difficult  species  on  which  to  determine  the  age." 
On  the  other  hand,  Cunningham  found  these  bones  and  others  of  the  cod 
nnsuitable  for  the  determination  of  the  age,  it  being  impossible,  he  says,  to 
distinp^uish  with  certainty  the  annual  rings  or  zones.     Speaking  of  the 

•"The  Occurrence  and  Distribution  of  the  Eggs,  Larvae,  and  Various  Affe-Groups 
of  the  Food-Fishes  in  the  North  Soa."  Ct)nsoil  Perm.  Intern,  pour  L'Explor.  de  la  Mer. 
Omeral  Report  ou  the  Work  of  the  Period,  July,  1902-July,  1904,  p.  29,  30 ;  Die 
Beteiligong  Deutaehlands  an  der  Interna tionalen  Meere^forschung,  III.  Jahresbericht, 
p.  76. 

f  Twrnty-tkirff  Annual  Report  Fishrri/  Board  for  Scot.,  Part  ITT.,  p.  181  el  »eq. 
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zones  of  the  yertebne,  he  says  "  one  may  count  three  at  one  time,  and  at 
the  next  attempt  there  seem  to  be  four  or  five,  and  the  total  number 
always  remains  doubtful  and  uncertain/'  He  found  that  tranverse  slices 
of  the  otoliths  showed  the  markings  much  better,  and  he  chiefly  used 
them  in  determining  the  age  of  the  specimens  of  cod  he  studied.  Here 
are  some  of  the  results,  though  doubt  is  expressed  as  to  the  certainty  of 
the  determination  in  some  cases ; — 


Caught  9th  November. 


Length. 

Cm. 

Inches 

47 

18* 

54 

21  j[ 

64 

25| 

78 

29i 

Probable  Age. 


Caught  9th  March 


Length. 


about  2A  rears 

po.<wibly  2| 
3* 


»» 


I J 


»i 


Cm. 
24-8 
80-5 
80-7 
835 
44-8 
45-6 
67'5 


According  to  these  later  results,  Mr.  Cunningham  says,  the  cod  at  two 
years  of  age  is  10tol3orl4  inches  in  length,  at  three  years  17  to  19 
inches,  at  four  years  27  inches;  but,  he  adds,  it  would  require  the 
examination  of  a  large  number  of  specimens  to  ascertain  the  average  and 
range  of  sizes  at  these  ages.  So  far  as  these  results  go,  they  are  in 
agreement  with  my  own  derived  from  the  method  of  measuring  the  fishes. 

Lately  Dr.  S.  Strodtmann  published  a  paper  on  the  spawning  and  migra- 
tions of  fish  in  the  Baltic,  which  contains  some  observations  on  the  growth 
of  young  cod,  taken  in  TravemUnder  Bucht.* 

A  series  numbering  555,  taken  on  15th  October,  1904,  measured  from 
5cm.  to  16cm.  (2>6j  inches),  the  average  being  lO'Ocm.,  or  barely  4 
inches.  A  month  later,  November  14th,  743  ranged  from  5cm.  to  15cm., 
the  average  being  10 '5cm.  On  December  12th,  333  measured  from  7cm. 
to  19cm  (2|-7^  inches),  the  average  being  13*5,  or  5|  inches.  At  the 
beginning  of  March  in  the  following  year  they  ranged  from  9cm.  to 
17cm.,  and  numbered  75,  the  average  size  being  12'8cm.,  and  at  the 
beginning  of  April  123  ranged  from  9cm.  to  17cm.,  the  average  being 
13cm.,  or  5|  inches.  These  results  agree  closely  with  my  own.  On 
September  9th,  84  measured  between  16cm.  and  30cm.  (6§-llf  inches), 
the  average  being  21*5cm.  (8^  inches),  which  is  also  near  what  will  be 
found  in  the  Tables  appended. 

It  will  be  noticed  that  the  young  cod  in  December  are  rather  larger 
than  in  either  March  or  April,  while  from  November  to  December  they 
appear  to  have  grown  3cm.,  which  Dr.  Strodtmann  considers  to  be 
improbable  at  that  season.  In  the  course  of  the  summer  they  increased 
by  8'5cm.,  or  3§  inches.  He  compares  the  growth  at  the  place  indicated 
with  the  growth  of  young  cod  at  Biisum,  on  the  North  Sea,  and  shows 
that  the  latter  at  the  beginning  of  October  had  a  greater  range  of  size  and 
a  larger  average  size  than  in  the  Baltic  at  the  middle  of  the  month.  The 
Baltic  fish  ranged  from  5cm.  to  15cm.,  according  to  the  diagram,  the 
average  being  10cm.,  while  the  North  Sea  cod  ranged  from  5cm.  to  16cm. 
or  17cm.,  and  the  average  was  12cm.  or  13cm.  (4|-5J  inches.  At 
Aberdeen  in  the  same  month  the  average  was  12cm.  also. 

In  the  Tables  appended  to  this  paper  will  be  found  the  measurements 
of  the  cod  I  have  dealt  with,  grouped  into  centimetres,  and  the  following 

'^Laiche%  und  Wandem  der  Ostte^ii$che,  p.  209. 
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Tables  sbow  detaiU  of  these  and  the  arrangement  into  the  variouB  aeries 
or  Kenerations.  In  some  cases,  where  the  number  of  cod  in  the  collnctioiis 
was  fairly  large,  the  distinction  of  one  group  from  another  was  tolerably 
euy,  especially  vhen  the  millimetre  meufurements  and  tables  were  con- 
salted  as  well  as  the  diagrams  or  curves.  All  the  measurements  were 
made  to  millimetres,  and  curves  were  constructed  of  each  collection.  In . 
Other  cases,  the  division  of  oite  series  from  another  is  only  approximate, 
aod  one  ot  two  or  seveml  fish  may  belong  to  one  or  the  other.  For 
example,  in  the  collections  from  Aberdeen  Bay,  the  chief  group  in  July 
might  terminate  at  32cm.  or  34cm.  instead  of  at  28cm.,  so  far  as  these 
measurements  by  themselves  indicate;  but  this  interpretation  would  be 
opposed  to  thfi  limits  of  the  group  later  in  the  year.  It  will  be  often 
found,  as  in  the  July  collections,  that  a  few  fish  at  tho  end  of  what  may 
appear  to  be  a  compact  series  are  considerably  larger  than  tba  others  and 
separated  from  them  by  a  good  interval ;  and  it  is  difficult  to  decide 
whether  they  should  be  looked  upon  as  stragglers  from  that  series— Gah 
which  have  grown  much  quicker  than  their  fellows — or  stragglers  from 
the  next  larger  series,  which  may  not  be  well  represented. 
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The  first  Beries,  that  is,  cod  in  their  first  year,  comprises  over  900 
Bpecimens,  and  they  are  preMiit  in  greater  or  leas  numben  in  thirty-four 
of  the  collectiooa. 

They  first  appeared  in  a  colteclion  made  in  the  Dornoch  Firth  on  9th 
June  1903,  the  haul  being  made  with  the  small-meshed  net  aroand  the 
cod-end  of  the  otter  trawl,  in  from  8  to  11  fathoms.  Twenty-five  vere 
taken  measuring  from  33mm.  to  48mm.  (1tV~H  inches),  the  average  site 
being  388  mm.,  or  a  trifle  over  1  j  inchea.  These  young  cod  were  approxi- 
mately 2j  months  old.  It  is  of  interest  to  note  that  on  30th  March  in 
the  following  year  (1904),  a  shoal  of  spawning  coH  of  large  size  were 
discovered  on  the  same  ground,  a  litUe  further  off,  in  from  13  to  15  or  16 
hthoms." 

They  next  appear  in  the  collections  of  30th  July,  in  Aberdeen  Bay, 
and  of  23rd  July  in  the  Firth  of  Forth.  In  the  latter  case  29  were 
obtained,  measuring  from  4'6cm.  to  8-4cm.  (11^3]";  inches),  and  with 
an  average  siee  of  about  6cm.,  oi  2|-  inches.  The  arithmetical  average 
was  61  ■3mm.  An  examination  of  the  curve  shows  that  the  smaller  cod 
are  not  duly  represented,  the  rise  from  4cm.  to  6cm.  being  very  abrupt ; 
more  probably  2'5cm.  or  3cm.  would  indicate  the  lower  limit  of  the 
group,  and  5cm.,  or  2  inches,  the  average  size.  Id  the  collections  made 
in  the  Firth  of  Forth  from  19th  to  32nd  August,  or  nearly  a  month  later 
than  the  above,  the  range  in  size  of  146  specimens  was  from  5-4cm.  to 
13-2cin.  (2^-5^  inches),  and  the  average  size  was!  about  7cm.,  or  2| 
ischea,  an  increase  of  about  2cni.,  or  j  of  an  inch  (fig.  5,  pi.  XII.). 
■  nVfe  Timty-Oiird  Anrnal  lUpon.  PBrt  HI,  p.  Bl. 
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In  Aberdeen  Bay,  18,  obtained  on  2l8t  August,  measured  from  6*5cm. 
to  8'8cm.  (2^^3;|  inches),  the  average  size  being  7'7cm.,  or  3  inches. 
In  collections  from  the  3rd  to  the  10th  September,  the  range  of  the  42 
specimens  was  from  Gem.  to  15'3cm.  (2f-6  inches),  the  average  size  being 
9't5cm.,  or  3|  inches  (fig.  6,  pi.  XII.).  On  18th  October  75  measured  from 
7'8cm.  to  19"9cm.  (3i^y-7g  inches),  the  average  size  being  12cm.,  or  4| 
inches.  On  the  3l8t  of  the  same  month,  but  in  a  different  year,  21 
ranged  from  4*8cm.  to  1 5  •7cm.  (1|— 6^  inches),  the  average  size  being 
12cm.,  or  4|  inches.  A  week  later,  on  the  6th  November,  a  large 
collection  of  301  had  a  range  from  8*6cm.  to  19cm.  (3|-7^  inches),  the 
average  being  12cm.,  or  4|  inches,  the  same  as  on  18th  October.  At 
the  end  of  the  month,  on  the  28th  and  29th,  38  measured  from  7'8cm. 
to  20" 7cm.  (^TfT^T^  inches),  the  average  being  approximately  13cm.,  or 
5 J  inches;  and  on  1 6th  December  in  the  same  year,  18  ranged  from 
8'3cm.  to  20'8cm.  (3^-8^  inches),  also  with  an  approximate  average  of 
13cm. 

At  the  middle  of  January,  7  ranged  from  9'7cm.  to  1 6 '2cm.  (4|J-6f 
inches),  the  average  size  being  about  12'5cm.,  or  5  inches.  Then  on  11th 
February  in  another  year,  16  were  from  8cm.  to  17cm.  (3§-6|  inches), 
the  average  being  the  same,  and  on  29th  March^  the  last  collection  from 
Aberdeen  Bay  containing  fish  under  one  year  of  age,  6  ranged  from  9cm.  to 
19cm.  (3}^-7|  inches),  the  average  size  being  about  13'5cm.,  or  5^  inches. 
It  will  thus  be  seen  that  the  young  cod  increase  in  size  rapidly  in  the 
summer  and  up  to  October,  and  that  after  that  to  March  the  increase 
appears  to  be  but  slight.  The  numbers  obtained  in  the  winter  and  early 
spring  were,  however,  small.  The  increase  from  August  to  the  end  of 
the  year  was  about  2  inches  or  a  little  more. 

The  collections  of  cod  under  one  year  of  age  from  other  parts  of  the  east 
coast  are,  as  a  rule,  small,  but  one  or  two  are  fairly  large.  In  the  Dornoch 
Firth,  on  9th  and  10th  November,  78  measured  from  9*7cm.  to  19*  1cm. 
(3||-7^  inches),  and  the  average  size  was  about  12'5cm.,  or  4Jf  inches 
(fig.  6,  pi.  XII.).  In  Burghead  Bay,  also  in  the  Moray  Firth,  on  20th  and 
25th  December,  in  another  year,  91  ranged  in  length  from  lO'dcm.  to 
21*9cm.  (4^-7^j^  inches),  the  average  size  being  about  15cm.,  or  6 J-  inches. 
In  the  Cromarty  Firth,  on  7th  January,  16  measured  from  8'7cm.  to  22*2cm, 
(3j-8|  inches),  and  on  17th  January,  in  another  part  of  the  Moray  Firth, 
17  ranged  in  length  from  13*8cm.  to  22'3cm.  {^^-^^  inches),  but  these 
fish  were  taken  in  the  ordinary  trawl-net,  and  the  smaller  specimens  are 
not  duly  represented. 

The  collections  when  the  cod  is  one  year  of  agOj  in  April  or  the  end  of 
March,  are  not  sufficient  to  show  with  precision  its  size  at  that  period, 
but,  from  what  has  been  said  and  from  what  follows  as  to  the  size  a 
little  later,  it  may  be  placed  at  about  5|  or  5^  inches  (13cm.  or  14cm.), 
with  a  range  from  3  to  8  inches  or  a  little  more  (7  5cm.  to  20cm.).  The 
growth  of  the  cod  in  its  second  year  appears  to  be  somewhat  more  rapid, 
probably  owing  to  its  becoming  more  and  more  piscivorous  in  its 
feeding. 

The  second  series,  comprising  cod  in  their  second  year,  is  well  repre- 
sented by  over  2000  fish  in  48  of  the  collections.  The  growth  in  summer 
is  rapid.  In  Aberdeen  Bay,  5  taken  on  13th  May  ranged  from  14cm. 
to  20'7cm.  (5^ -8 J  inches).  In  the  Firth  of  Forth,  145,  caught  between 
13th  and  16th  May,  measured  from  9-6cm.  to  to  23cm.  (3|-9J  inches), 
with  an  average  length  of  15cm.,  or  5^  inches.  On  1st  April,  4  caught 
at  Smith  Bank,  in  the  Moray  Firth,  were  from  12'8cm.  to  20-3cm.  (5j-*j- 
8  inches),  and  3  taken  in  deep  water  off  the  Shetlands  on  19th  and  22nd 
May  were  from  18*  1cm.  to  23'7cm.,  or  between  7^  and  9|  inches. 
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On  13th  June,  in  Aberdeen  Bay,  31  specimens,  computed  to  be  about 

I  year  and  2|  months  old,  measured  from  14*3cm.  to  23cm.  (5|-9i^^ 
inches),  the  mean  size  being  18*5cm.,  or  7^  inches.  On  the  28th,  19 
caught  in  the  **Doghole,''  in  65  fathoms,  ranged  from  19cm.  to  26cm. 
(7|-10|  inches),  the  mean  being  22cm.,  or  8^  inches  ;  the  arithmetically 
computed  average  was  21 '9cm. 

In  July  two  collections  were  made  in  Aberdeen  Bay  and  one  in  the 
Firth  of  Forth.  In  the  former,  on  the  30tb,  43  measured  from  16'7cm. 
to  28cm.  (6|-11  inches),  the  average  being  23cm.,  or  9-j^^  inches;  these 
were  taken  at  the  "  Doghole,''  in  62  fathoms.  On  the  next  day,  32, 
caught  in  11-13  fathoms,  ranged  from  16'7cm.  to  27'9cm.,  or  the  same, 
the  average  length  being  a  little  less,  viz.,  about  22'5cm.,  or  8g  inches. 

On  the  23rd  the  collection  in  the  Firth  of  Forth  comprised  77  speci- 
mens, about  L  year  and  4  months  old;  they  ranged  from  15'2cm.  to 
30  cm.  (6-1 1|  inches),  the  average  being  22cm.,  or  8|  inches. 

On  21st  A.ugust,  85,  from  the  "Doghole,"  in  58  fathoms,  were  from 
18*7cm.  to  32*3cm.  (7§-12|  inches),  the  average  being  about  23'5cm.,  or 
9|  inches.  Their  age  was  about  1  year  and  4  or  5  months.  In  the  Firth 
of  Forth  they  were  represented  in  three  collections  in  August,  as 
follows:— On  the  19th,  93  varied  from  14'8cm.  to  31-6cm.  (5||-12f^ 
inches),  the  average  being  22 '5cm.,  or  8 J  inches ;  on  the  21st,  19  ranged 
from  18*8  to  29'2cm.  (7g-ll^  inches),  the  average  being  23*5cm.,  or  9 
inches;  on  the  22nd,  47  measured  from  16'8cm.  to  29'7cm.  (6|-11 
inches),  the  average  being  22 '5cm.,  or  8§  inches  (fig.  5,  pi.  XII.). 

In  September,  in  Aberdeen  Bay,  1 67  were  caught  between  the  3rd  and 
10th ;  they  ranged  in  length  from  18*lcm.  to  32cm.  (7^-1 2|  inches),  the 
average  being  about  25cm.,  or  9g  inches.  At  Burghead  Bay,  on  7th 
September,  34  ranged  from  20'7cm.  to  32'3cm.  (8^-1 2fj^  inches),  the 
mean  size  being  about  26cm.,  or  10|  inches  (fig.  6,  pi.  XII.).  These 
fish  were  one  year  and  five  or  six  months  old. 

Several  collections  were  got  in  October.  In  Aberdeen  Bay,  on  the 
18th,  37  measured  from  22'2cm.  to  35'8cm.  (8|-14^  inches),  the  mean 
being  28'5cm.,  or  11 J  inches.  On  the  3l8t,  13  ranged  from  22'7cm.  to 
36cm.  (8f|— 14^7  inches),  the  mean  being  about  29cm.,  or  11-r^  inches. 
The  numbers  of  this  series  in  the  October  collections  from  tne  Moray 
Firth  are  small.  In  the  Dornoch  Firth,  on  the  22nd,  two  measured 
21*9cm.  and  31cm.;  at  Smith  Bank,  on  the  23rd,  six  ranged  from 
23-2cm.  to  39'6cm.  (9^-15^  inches;  in  Burghead  Bay,  on  the  20th,  15 
measured  from  20'9cm.  to  29'4cm.  (8^-lli  inches);  and  on  the  23rd, 
off  Lybster,  on  the  coast  of  Caithness,  three  were  from  24 '8cm.  to 
32'4cm. 

On  5th  November,  at  the  "  Doghole,"  in  70  fathoms,  20  of  this  series 
were  obtained  ;  they  ranged  from  26'7cm.  to  35'9cni.  10^-1 4 J  inches), 
the  mean  being  about  30'5cm.,  or  12  inches.  On  the  28th,  43,  taken 
with  the  ordinary  trawl-net  in  Aberdeen  Bay,  measured  from  23'8cm.  to 
38'lcm.  (9^-15  inches),  the  mean  being  about  32cm.,  or  12§  inches.  On 
the  following  day  a  collection  of  135  belonging  to  this  series  ranged  from 
2r8cm.  to  38  3cm.  (8|-15y^Y  inches),  the  mean  being  31cm.,  or  12J 
inches.     These  were  about  1  year  and  8  months  old. 

In  the  Dornoch  Firth,  on  the  9th  and  10th,  1 1 3  measured  from  20*7cm. 
to  36*7cm.  (8J-14-j2g^  inches),  the  average  length  being  about  27'5cm,,  or 

II  If  inches  (fig.  6,  pi.  XII.).  At  Smith  Bank,  on  the  8th,  42  ranged 
from  25'9cm.  to  40*  1cm.  (10f*j^-15|  inches),  the  mean  being  31'6cm.,  or 
12g  inches.  Off  Lybster,  on  the  8th,  114  measured  from  26'8cm.  to 
37 •8cm.,  (10^-14g  inches),  the  average  being  32cm.,  or  12|  inches. 

In  December,  in  Aberdeen  Bay,  70  measured  from  23cm.  to  4r8cm. 
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(9-1 6g  inches),  the  average  being  32cm.,  or  12|  inches.  The  largest 
member  of  the  group  in  this  case  might  be  one  at  38'6cm.  (15^  inches), 
as  in  the  November  collections,  but  in  that  of  12th  December  the  division 
is  not  so  placed.  In  the  latter,  16  measured  from  3I*9cm.  to  42'2cn). 
(12i-16|  inches). 

In  the  Dornoch  Firth,  on  19th  December,  41  measured  from  25cm.  to 
4r6cm.  (9g-16|  inches),  the  mean  being  about  31cm.,  or  12|  inches. 
At  Smith  Bank,  on  the  27th  December,  33  ranged  from  25cm.  to  37'5cm. 
(9J-14|  inches),  the  next  fish  measuring  45  6cm. ;  the  average  size  was 
about  30cm.,  or  11|  inches.  On  6th  December,  at  Burghead  Bay,  32 
measured  from  21 '4cm.  to  33'2cm.  (B-j^^j^-lS^  inches),  the  mean  being 
about  27cm.,  or  10|  inches.  In  this  collection,  as  the  other  tables  of 
measurements  show,  the  larger  fishes  of  the  series  were  not  present  in  due 
numbers,  and  the  two  smaller  fishes,  21 '4cm.  and  21 '8cm.,  may  belong  to 
the  younger  series,  which  is  not  otherwise  represented. 

A  large  collection  of  this  series  was  obtained  in  Burghead  Bay  between 
the  20th  and  25th  December.  They  numbered  179,  ranging  from 
22*9cm.  to  39 '8cm.  (9-1 5§  inches),  the  average  size  being  about  30 '5cm., 
or  12  inches.  A  small  collection  on  the  29th  of  the  same  month  in 
another  year,  comprised  8  specimens  of  this  series,  their  sizes  ranging 
from  26cm.  to  39'8cm.  (10|-15g  inches)  (fig.  5,  pi.  XII.). 

In  January,  in  Aberdeen  Bay,  15  of  this  series  measured  from  26cm. 
to  40cm.  (I0^15|  inches),  the  mean  being  31cm.  to  32cm.,  or  \2^ 
inches.  In  the  Cromarty  Firth,  on  the  7th,  22  were  from  25 '8cm.  to 
39'3cm.  (10^|f-15|  inches),  the  mean  being  about  32cm.,  or  12|  inches. 
A  large  collection  was  obtained  off  Dunbeath,  on  the  Caithness  coast,  on 
17th  January,  and  the  280  cod  comprised  in  the  series  measured  from 
23'lcm.  to  40'7cm.  (9J-16  inches),  the  average  being  about  3r5cm.,  or 
12|  inches.  These  fish  were  obtained  in  the  ordinary  trawl-net,  but  at 
this  size  the  fact  will  not  affect  the  average  to  any  material  extent. 

No  cod  of  this  series  were  in  the  collections  in  February  and 
March.  Ou  Ist  April,  22,  caught  at  Smith  Bank,  in  the  Moray  Firth, 
ranged  in  length  from  23'lcm.  to  38'8cm.  (9|-15j^  inches),  lut  the  higher 
limit  of  the  series  is  less  than  it  ought  to  be  from  the  absence  of  the 
larger  fishes  ;  the  next  longest  to  the  one  at  38cm.  was  one  about  46cm. 
In  May  (when  they  were  over  two  years  old)  five  taken  in  Aberdeen  Bay 
measured  from  27cm.  to  34cm.  (10|-13|  inches),  and  three  in  the  Firth  of 
Forth  were  from  25cm.  to  27cm.  (9g-10f  inches).  The  numbers  are 
too  small,  of  course,  on  which  to  base  a  conclusion.  In  a  large  collection 
made  up  of  the  cod  taken  in  several  hauls  of  the  ordinary  trawl-net  in 
deep  water  off  the  Shetlands  (65  fathoms)  between  19th  and  22nd  May, 
268  belonged  to  this  group,  and  ranged  in  size  from  25'2cm.  to  41 '2cm. 
(9|^16|  inches),  by  far  the  greater  proportion  measuring  31cm.  to 
34cm.  (12|-13|  inches),  and  the  mean  being  approximately  32  ^cm.,  or 
12|  inches,  the  arithmetic  average  being  a  little  higher,  viz.,  32'7cm. 
(fig.  5,  pi.  XII.). 

Looking  to  these  averages  and  the  averages  in  January  and  December, 
it  appears  that  the  cod  on  the  east  coast  of  Scotland  when  two  years*of 
age  measures,  on  the  average,  a  little  over  12  inches  in  length,  probably 
12^-12^  (31cm.  to  32cm.);  the  range  of  sizes  may  be  placed  at  from 
about  9  to  over  16  inches. 

In  the  third  year  of  life,  after  it  has  attained  the  size  mentioned, 
growth  is  again  rapid  in  the  summer.  I  have  referred  to  the  size  in  May, 
when  the  fish  are  about  thirteen  months  old. 

At  Sinclair  Bay,  on  the  coast  of  Oaitiiness,  on  4th  June,  20  specimens 
measured  from  26'6cm.  to  36'3cin.  (16-22|  inches)  when  they  were  about 
2  years  and  2  months  old. 
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At  the  "Doghole,"  off  Aberdeen,  on  30th  July,  26  measured  from 
29'3cm.  to  46cra.  (Ili^l8|  inches)  ;  on  21  at  August,  12  ranged  from 
36'4cra.  to  48'7cm.  (14^-19^  inches)  ;  on  3rd  September,  8  taken  at  the 
"Doghole"  were  from  39'4cm.  to  45cm.  (15J-17f  inches);  5  on  31st 
October  measured  from  39'5cm.  to  53' 5cm.  (15^-21 1  inches);  5  on  5th 
November  were  from  46'4cm.  to  52cm.  (18^-20^  inches) ;  and  on  28th 
and  29th  November,  33  measured  from  39'2cm.  to  57-3cm.  (\b^2'2^ 
inches).  On  12th  December,  35  measured  from  43*7cm.  to  61 '6cm. 
(17|-24|  inches),  the  mean  size  being  calculated  at  49'5cm.,  or  19^ 
inches,  and  the  age  at  32  or  33  months. 

Comparatively  few  were  taken  in  the  Moray  Firth.  On  12th  November 
16  ranged  from  44'8ca].  to  61cm.  (17|-24  iuches)  ;  on  19th  December, 
15  were  from  46cm.  to  60cm.  (18-23|  inches);  on  20th  to  25th 
December,  40  measured  from  40*3  to  59'8cm.  (15g-23j  inches) ;  on  17th 
January,  off  Dunbeath,  41  measured  from  41 '9cm.  to  62*5cm.  (16^24^ 
inches). 

In  May,  off  the  Shetlands,  when  they  had  begun  their  fourth  year,  141 
measured  from  41*8cm.  to  6r6cm.  (16-24|  inches).  The  mean  in  this 
case  is  about  50cm.,  and  the  arithmetical  average  50'9cm.,  or  exactly  20 
inches. 

The  average  size  of  the  cod  on  the  east  coast  of  Scotland  when  three 
years  old  may  be  placed  at  from  between  19  and  20  inches,  and  the 
probable  range  of  sizes  from  about  16  to  about  24  inches. 

The  number  of  cod  older  than  this  in  the  collections  was  very  small, 
and  their  distinction  into  groups  problematical.  In  the  haul  on  12th 
November,  in  the  Dornoch  Firth,  I  have  placed  ten,  measuring  from 
66'4cm.  to  76cm.  (25^-30  inches),  as  approaching  their  fourth  year. 
And  on  20-25th  December,  in  Burghead  Bay,  six  measured  from  6r2cm. 
to  73'4cm.  (24-281  inches),  which  are  assumed  to  be  about  the  same  age. 

It  is  now  desirable  to  compare  the  differences  in  the  average  length  of 
the  different  groups,  which  represents  the  extent  of  the  growth  in  a  year 
from  one  annual  scries  to  the  next.  Considering  first  the  means  of  the 
first  and  second  series,  as  given  in  the  Table,  there  are  twelve  cases  in 
which  this  comparison  can  be  made.  The  difference  between  the  means 
varies  in  different  collections  from  14 '5cm.  to  19cm.,  and  the  average 
amounts  to  16'57cm.,  or  6^  inches.  Some  are  better  than  others,  and  if 
we  select  the  nine  cases  in  which  the  number  of  fishes  in  either  of  the 
series  does  not  fall  below  20,  we  find  that  the  variation  id  from  14'5cm. 
to  18'5cm.,  and  the  average  of  the  lot  is  16*2cm.,  or  6§  inches.  If  the 
comparison  is  limited  to  the  cases  in  which  more  than  70  fishes  are 
represented  in  each  series,  and  the  numbers  are  fairly  equal — and  these 
cases  are  three  in  number — the  differences  are  respectively  15cm.,  15*5cm., 
and  15cni.,  the  average  being  15*2cm.,  or  almost  exactly  6  inches. 

There  is  another  method  by  which  comparison  of  the  differences  between 
the  groups  can  be  made,  viz.,  by  comparing  the  difference  between  the  sizes 
at  which  the  maximum  numbers  of  fishes  occur — between  the  maximum 
ordinates,  **  modes,"  or  apex,  of  each  curve.  As  might  be  expected  from 
these  collections,  which  contain  only  moderate  numbers  of  fishes,  the 
members  of  any  given  group  are  not  duly  represented  throughout;  in  some 
instances  the  larger  fishes  predominate  in  numbers,  in  others  the  smaller, 
and  soon;  and  thus  in  a  single  collection  of  this  kind  comparison  of  the  modes 
or  maximum  ordinates  of  two  groups  may  be  far  from  showing  the  true 
differences  between  these  groups.  Thus,  in  the  fourteen  cases  in  which 
such  comparison  can  be  made  between  the  cod  in  their  first  year  and  those 
in  their  second  year,  the  distance  between  the  maximum  ordinates  varies 
from  11cm.  to  22cm  ,  or  exactly  double.     The  mean  of  these  numbers, 
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however,  is  16 '5cm.,  or  very  nearly  the  figure  derived  from  the  comparison 
of  the  mean  sizes;  and  if  the  average  be  made  of  all  the  instances,  the 
figure  is  16' I  cm.,  or  6§  inches.  If  the  collections  are  selected  according 
to  the  nnnibers  of  fishes  they  contain,  as  above  described  in  dealing  with 
the  approximate  means,  we  get  in  the  nine  cases  an  average  of  15*33cm., 
or  a  trifle  over  6  inches.  It  seems  very  probable,  then,  that  the  cod  on 
the  east  coast  of  Scotland  increases  in  length  at  this  early  period  of  its  life 
by  from  6  to  6^  inches  in  the  course  of  a  year,  and  it  is  likely  to  be  nearer 
the  former  figure  than  the  latter.  The  particulars  of  the  computation  in 
the  nine  cases  referred  to  are  given  in  the  accompanying  Table : — 


Month. 

Number  of  Fish. 

Difference 

between  the 

Approximate 

Means. 

Difference 

between  the 

Modes  or 

Maximum 

1st  Series. 

2nd  Series. 

Ordinates. 

Cm. 

Cm. 

September, 

42 

167 

16-5 

16 

October,     . 

75 

37 

16-5 

14 

November, 

301 

20 

18-6 

19 

»>                  *        • 

38 

178 

18 

21 

»»                  • 

78 

113 

15 

18 

December, 

91 

179 

15  5 

11 

Joly, 

29 

77 

17 

15 

August, 

90 

93 

16 

14 

,,           ... 

46 

47 

14-5 

15 

16-2 

15-33 

In  my  previous  paper,  in  which  I  dealt  with  the  growth  of  the  cod,  the 
number  of  collections  as  well  as  the  number  of  fishes  was  much  less;  but 
in  the  ten  cases  where  comparison  was  possible  the  mean  difference  between 
the  arithmetic  averages  of  the  two  series  (the  method  then  made  use  of) 
was  16*7  cm.,  and  in  the  five  instances  with  the  greatest  numbers  of  fish 
it  was  16'Ocro.,  or  6  j  inches. 

With  regard  to  the  difference  between  the  second  and  third  groups,  the 
collections  in  which  this  can  be  determined  are  much  less  numerous.  The 
five  cases  are  as  follows: — 


1 

Month. 

Number  of  Fish. 

Difference 

between  the 

Approximate 

Means. 

Difference 

between  the 

Modes  or 

1st  Series. 

2nd  Series. 

Maximum 

Ordinate!. 

1 

November, 
December, 

January,    . 

May,  .... 

178 
41 
179 
280 
268 

33 

15 

40 

41 

141 

Cm. 
16 
16 
17-5 
18-5 
18 

Cm. 
16 

17-5 

17 

16-7 

1 

The  last  collection  (May)  represents  fish  a  little  over  two  and  three 
years  of  age.  In  my  last  paper  there  was  only  one  instance  in  which 
comparison  between  these  groups  could  be  made,  and  the  difference 
(arithmetical  averages)  was  18'2cm.;  when  incorporated  with  the  others 
given  above  the  average  remains  17cm.,  or  6^  inches. 

It  is  very  desirable  that  complete  observations  should  be  made  with 
exactitude  as  to  the  average  size,  and  the  limits  of  size,  at  which  the  cod 
becomes  mature  for  the  first  time.  Until  this  be  done  it  is  not  possible 
to  be  quite  certain  as  to  the  age  at  which  reproduction  begins.  It  is 
certainly  not  before  four  years,  and  it  may  be  five  years,  of  age. 
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HADDOCK   (Oadue  asglefinuej. 

The  number  of  haddocks  measured  was  6682,  making,  with  those  whose 
measurements  are  dealt  with  in  the  two  previous  papers  r^erred  to,  a 
total  of  28,760  specimens  of  this  species.  The  collections  were  partly 
from  Aberdeen  Bay  and  neighbourhood  and  partly  from  the  Moray  Firth  ; 
the  measurements  in  one-centimetre  grouping  are  given  in  the  appended 
Table  XXII. 

A  collection  made  on  15th  January  1902  at  the  "Doghole,"  off 
Aberdeen,  in  57  fathoms,  802  haddocks,  most  of  them  belonging  to  the 
first  group,  or  fish  of  the  previous  spawning.  These  numbered  775, 
measuring  from  150mm.  to  210mm.  (5J-8J  inches) ;  most  were  aggregated 
between  16cm.  and  19cm.,  the  apex  of  the  curve  formed  by  the  measure- 
ments being  at  17*5,  which  was  also  the  mean,  while  the  arithmetic 
average  was  180*5.  The  second  group  was  represented  by  only  a  few 
fish,  from  240mm.  to  324mm.,  or  near  it,  and  the  computed  average  size 
was  286'8mm.,  or  about  11/^^  inches,  the  annual  increment  being  thus 
about  4  A  inches. 

On  13tn  Afay,  in  the  same  year,  another  lot  of  596  haddocks  was  taken 
on  the  same  ground,  in  52  fathoms,  most  of  them  belonging  to  the  first 
group,  now  over  one  year  of  age.  They  measured  from  145mm.  to 
239mm.  (5|-9|  inches);  most  were  between  17cm.  and  22cm.,  the  apex 
of  the  curve  was  at  19*5cm.,  and  the  mean  was  the  same  (nearly  7| 
inches).  The  growth  in  the  interval  of  about  118  days  was  thus  approxi- 
mately 2cm.,  or  |  of  an  inch.  The  second  group  was  represented  by  only 
a  few  fishes,  from  about  25cm.  to  32cm.,  or  more. 

On  31st  October  1903  a  large  coUection  of  1249  haddocks  was  obtained 
in  Aberdeen  Bay,  in  8-12  fathoms,  and  the  measurements  are  of  some 
interest,  as  three  groups  at  least  are  well  represented,  and  a  considerable 
number  of  them  —all  those  above  27cm.,  and  many  below  that  size — were 
differentiated  according  to  sex  (fig.  7a,  pi.  XII.).  It  may  be  said  at  once 
that,  contrary  to  the  rule  among  flatfishes,  the  males  and  females  are  of 
approximately  the  same  size,  and  thus  grow  at  the  same  rate,  though  the 
females  are  in  excess  as  to  numbers.  The  first  group,  that  is  to  say, 
haddocks  approximately  seven  months  old,  ranged  in  length  from  136mm. 
to  207mm.  (5§-8|  inches),  most  being  between  14cm.  and  19cm.;  the 
mode  was  at  16cm.,  and  the  mean  at  16*5cm.,  or  6|  inches. 

The  second  group  extended  from  217mm.  to  310mm.  (8^1 2 j  inches); 
most  measured  from  25cm.  to  30cm.,  the  apex  of  the  curve  was  at  27cm., 
and  the  mean  was  27*5cm.,  or  a  little  above  10|  inches.  Th^  division 
between  this  group  and  the  third  group  is  very  distinct  in  curves  made 
on  *5cm.  grouping,  at  31cm.,  and  it  is  the  same  for  the  males  as  for  the 
females.     These  fish  were  about  one  year  and  seven  mouths  old. 

The  third  group  extended  from  31cm.  to  about  38cm.,  the  bulk  of  the 
hfluidocks  were  between  32cm.  and  35cm.,  the  mode  is  at  33cm.,  and  the 
mean  is  33*5cm.,  or  13^  inches.  This  group  is  partly  fused  with  the  last, 
and  it  is  to  be  noticed  that  in  the  '5cm.  curves  there  is  a  slight  depression 
at  34cm.,  both  with  regard  to  the  males  and  the  females,  suggestive  of 
two  groups. 

The  means  of  the  three  groups,  taking  the  last  provisionally  as  one,  are 
thus  aR  follows : — 
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Age. 

Mean  Size. 

Approximate  Annual 
Growth  Indicated. 

Cm. 

• 

Inches. 

Cm. 

Inches. 

Ist 

2nd 

8rd 

7  months. 

1  year  and  7  months. 

2  years  and  7  months. 

16-5 
27-5 
33-5 

6J 

loi 

13i 

11 
6 

4i 
21 

The  third  group  will  constitute  the  great  spawning  shoal  in  the 
following  spring. 

On  29th  December  in  the  same  year,  162  haddocks,  taken  in  Aberdeen 
Bay,  showed  the  presence  of  three  groups.  The  first  extended  from 
H6mm.  to  215mm.,  or  near  it  (5|-8j  inches);  most  were  between 
15cm.  and  a  little  over  19cm.,  the  apex  of  the  curve  was  at  17*5cm.,  and 
the  mean  was  about  ]7'2cm.,  or  6|  inches.  The  number  is  not  large, 
bat  the  measurements  show  an  increase  in  length  of  about  1cm.  from  3 Ist 
October.  The  other  groups  are  but  slightly  represented ;  one  appeared 
to  extend  from  23cm.  to  30cm.,  and  the  other  from  the  latter  to  36cm. ; 
there  were  also  7  haddocks  from  40cm.  to  43cm.  (15|-17  inches),  pro- 
bably approaching  their  fourth  year. 

A  collection  made  with  the  small  meshed  net  on  29th  March,  1905, 
numbered  314,  and  belonged  to  the  first  group.  It  extended  from 
133mm.  to  204mm.  (5|-8  inches) ;  most  were  between  15cm.  and 
18*5cm.,  the  apex  of  the  curve  was  at  17cm.  and  the  mean  about  16*5cme 
or  6 1  inches.  A  few  small  haddocks  belonging  to  this  haul  wer., 
omitted  to  be  measured. 

Four  collections  of  haddocks  from  Smith  Bank,  in  the  Moray  Firth, 
were  measured,  the  depth  in  which  they  were  taken  being  usually  22  or 
23  fathoms. 

On  1st  April,  1904,  they  numbered  886,  and  three  groups  were  repre- 
sented, the  first  only  by  a  few  fish  from  15'8cm.  to  20cm.  or  21cm.  The 
second  series  was  well  shown  ;  it  extended  from  20cm.  or  21cm.  to  29cm. 
(8-1  ij{  inches);  most  measured  between  23cm.  and  27'5cm.,  the  apex  of 
the  curve  constructed  on  the  measurements  was  at  25cm.,  and  the  mean 
was  25*2cm.  or  25'3cm,  (10  inches).  These  haddocks  were  about  two 
years  of  age. 

The  next  group  extended  from  29cm.  to  about  37cm.  (11 J-14J  inches), 
most  of  them  were  between  30cm.  and  34cm.  (11|-13^  inches),  the  apex 
of  the  curve  was  at  31cm.,  and  the  mean  was  about  32cm.^,  or  12|  inches. 
These  fish  were  about  three  years  of  age.     The  particulars  are  these : — 
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On  23rd  October,  1903,  306  haddocks  were  obtained  on  Smith  Bank, 
representing  three  groups,  but  only  the  second  was  at  all  well  indicated. 
The  first  group  consisted  of  8  haddocks  from  115mm.  to  204mnL  The 
second  group  extended  from  21cm.  to  28cm.  or  29cm.;  most  of  them 
were  between  22'5cm.  and  26cm.  (8|-10|  inches),  the  apex  of  the  curve 
was  at  25cm.,  and  the  mean  was  about  24*3cm.,  or  9}  inches.  The  rest 
of  the  haddocks  were  insufficient  to  indicate  the  limits  or  average  size  of  the 
liext  group.    One  haddock  measured  49cm.  (19|  inches)  (fig.  7b,  pi.  XII.). 

Another  collection  of  62  haddocks,  on  14th  November,  1903,  also 
contained  members  of  three  groups,  but  only  the  second  was  of  value  as 
regards  the  rate  of  growth.  It  extended  from  24'7cm.  to  33cm.  or  34cm. 
(9|-13  inches) ;  most  were  aggregated  between  29cm.  and  32cm.,  the 
apex  of  the  curve  was  at  30cm.,  and  the  mean  was  about  28'5cm.,  or  11^ 
inches.     There  was  one  haddock  at  52cm.  (20j{  inches). 

A  collection  of  756  haddocks  on  12th  December,  1904,  belonged  to 
the  first  group,  all  but  one.  It  extended  from  137mm.  to  208mm.  (5J- 
8|  inches);  most  measured  between  15cm.  and  18*5cm.  (5J-7^  inches)  ; 
the  apex  of  the  curve  was  at  16*5cm.,  and  the  mean  was  16*7cm9  or  6^ 
inches. 

Other  collections  of  haddocks  obtained  in  the  Moray  Firth,  off  Burg- 
head,  Kinnaird  Head,  Lybster,  and  the  Dornoch  Firth  were  measured. 

Those  obtained  in  the  Dornoch  Firth  are  small  in  number,  haddocks 
usually  not  being  caught  there  in  any  quantity. 

On  22nd  October,  1903,  95  haddocks  belonging  to  three  or  four  annual 
series  were  measured,  but  none  of  the  groups  are  well  indicated.  The 
first  contained  7  haddocks,  from  109mm.  to  153mm.  The  second  con- 
tained most  of  the  fish,  but  its  limits  are  not  very  clear.  The  smallest 
was  24*2cm. ;  most  were  betweeu  26cm.  and  28cm.  (10|-10f  inches) ; 
the  apex  of  the  curve  was  at  27cm.,  and  the  group  apparently  terminated 
about  31cm.  or  32cm.  (fig.  7b,  pi.  XII.). 

In  a  haul  on  13th  November,  the  first  and  second  series  were  repre- 
sented by  22  haddocks,  and  in  another,  on  the  27th  December,  42 
haddocks  were  taken,  mostly  belonging  to  the  third  series. 

At  Burghead  Bay,  on  20th  October,  1903, 248  haddocks  mostly  belonged 
to  the  secoud  series.  The  first  group  was  represented  by  30  haddocks, 
measuring  from  105mm.  to  165mm.  (4|-6^  inches);  the  apex  of  the 
curve  was  at  12cm.,  and  the  mean  about  12*5cm.,  or  4 J  inches.  The 
second  series  extended  from  23*  1cm.  to  about  30cm.;  most  measured 
between  25cm.  and  27cm.  (9g-10|  inches) ;  the  apex  was  at  26cm.,  and 
the  mean  about  25'5cm.,  or  1 0  inches  (fig.  7b,  pi.  XII.). 

In  a  collection  made  on  29th  December,  1903,  138  haddocks  were 
obtained  belonging  to  several  groups.  The  first  included  9  haddocks, 
from  150mm.  to  206mm.  The  second  group  extended  from  23*2cm.  to 
about  30cm.  (9|-11|  inches),  most  ranging  between  24cm.  and  28cm.; 
the  apex  of  the  curve  was  at  27cm.,  and  the  mean  was  about  26cm.,  or 
10|  inches.  The  rest  of  the  haddocks  were  few  in  number.  There  were 
three  very  large  ones,  measuring  respectively  60cm.  (23|  inches),  73*6cm. 
(29  inches),  and  74cm.  (29}  inches). 

A  haul  on  the  witch  ground  off  Kinnaird  Head,  in  from  40  to  50 
fathoms,  on  23rd  January,  1904,  yielded  199  haddocks  belonging  to 
several  series.  The  first  ranged  from  14*3cm.  to  18'8cm.  (5|-7f  inches), 
most  being  between  14*5cm.  and  17cm. ;  the  apex  of  the  curve,  or  the 
greatest  number  in  the  series,  was  at  16cm.,  and  the  mean  was  about 
15*8cm.,  or  6^  inches. 

;   The  second  group  extended  from  21*2cni.  to  a  point  not  easy  to  deter- 
mine; most  of  the  haddocks  measured  from  22cm.  to  27cm.,  t^eapex  of 
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the  curve  was  at  25cm.  The  third  group  consisted  of  a  few  specimens, 
mostly  between  32cm.  and  35cm.  (12^-13|  inches),  and  apparently 
extending  to  about  40cm.,  and  no  doubt  represented  the  spawning  shoal. 

A  collection  off  Lybster,  on  the  coast  of  Caithness,  on  22nd  October, 
1903,  yielded  a  number  of  various  groups.  The  small-meshed  net  around 
the  cod-end  was  ruptured,  and  only  contained  4  haddocks.  The  first 
series  was  represented  by  4  fishes,  12cm.  and  13cm.  The  second  group 
extended  from  2r4cm  to  29cm.  (8|-11|  inches);  most  were  between 
25cm.  and  27cm.,  the  apex  of  the  curve  was  at  26cm.,  and  the  mean  was 
about  26*5cm.,  or  10  j  inches.  The  smaller  members  of  the  group  were 
not  present  in  normal  numbers. 

The  next  group  extended  from  about  29cm.,  apparently,  to  36cm. 
(11|-14^  inches);  most  were  aggr^ated  between  31cm.  and  34cm.,  the 
apex  of  the  curve  was  at  32cm.,  and  the  mean  was  about  32 '5cm.,  or  12| 
inches. 

It  may  be  noted  that  in  the  curve  of  this  group,  as  in  the  curves  for  the 
collection  from  Aberdeen  Bay  on  31st  October,  and  for  the  collection 
from  Smith  Bank  on  1st  April,  the  descending  slope  is  interrupted, 
suggestive  of  a  division.     It  is  better  shown  in  *5cm.,  as  below : — 
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At  this  size  (reproductive)  growth  is  slower  and  the  fusion  of  the  groups 
greater,  and  it  is  quite  likely  that  the  division  indicated  is  a  real  one. 


WHITING   {Gadus  merlangua). 

Twenty-one  collections  of  whitings  were  measured,  most  of  them  taken 
in  the  Moray  Firth,  the  number  being  8346,  which,  with  those  contained 
in  my  previous  papers,  makes  about  58,000  of  this  species  measured. 
The  results  as  regards  growth  are  confirmatory  of  the  conclusions  pre- 
viously reached,  and  the  collections  may  be  briefly  referred  to. 

Six  collections  were  obtained  from  the  Dornoch  Firth,  as  shown  in  Table 
XXIII.  The  first  was  on  22nd  October,  1903,  and  it  comprised  233 
whitings,  taken  in  from  6  or  7  to  13  fathoms.  The  smallest  was  51mm. 
(2  inches),  and  the  largest  of  the  first  series,  to  which  almost  all  the 
specimens  belonged,  was  apparently  176mm.  (7|  inches).  The  great 
majority  of  the  fishes  were  aggregated  between  9cm.  and  13cm.,  the  apex 
of  the  curve,  or  point  of  greatest  aggregation,  being  llcm.^  which  was 
also  the  mean  between  the  limits  named ;  the  arithmetical  average  was 
about  105*6mm.  The  average  size  of  these  whitings  was  thus  about  4^ 
inches.  Two  specimens  of  21cm.  and  22cm.  probably  represent  a  second 
series,  and  there  is  a  third  at  36cm. 

The  next  collection,  on  llbh  November,  comprised  421  whitings,  all 
but  one  (at  27cm.)  apparently  belonging  to  the  same  series.  The  smalleat 
measured  58mm.  (2^  inches)  and  the  largest  194mm.  (7|  inches);  most 
were  aggregated  between  10cm.  and  14cm.,  the  apex  of  the  curve  being 
at  13cm.,  which  was  also  the  mean,  while  the  computed  average  was 
approximately  120'5cm.  (4|  inches). 
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On  27th  December,  1903,  a  collection  of  494  whitings  belonged  almost 
entirely  to  the  first  series.  Most  were  aggregated  between  11cm.  and 
16cm.;  the  apex  of  the  curve  was  13cm.,  and  the  mean  about  13*5cm.,  or 
about  5|  inches.  The  smallest  of  the  group  measured  85mnL  (3|  inches) 
and  the  largest  probably  211mm.,  but  it  may  have  been  less. 

The  next  collection  was  on  the  28th  December.  It  comprised  1209 
whitings  from  the  small  meshed  net  only,  the  whitings  obtained  in  the 
trawl  net  having  been  omitted  from  measurement.  The  smallest  was 
7^mm.  (3  inches)  and  the  largest  177mm.;  most  were  ag^o^gated  between 
10cm.  and  13cm.,  the  apex  being  at  12cm.  and  the  mean  at  ll*5cm.,  or 
about  4|  inches.     The  low  average  is  due  to  the  omission  referred  to. 

Another  collection,  on  7th  December,  1904,  included  496  whitings,  the 
smallest  being  79mm.  (3|  inches)  and  the  largest  183mm.  (7|  inches). 
Most  were  aggregated  between  12cm.  and  15cm.,  the  mean  being  13'5cm., 
or  5y^^  inches. 

The  sixth  collection  from  the  Dornoch  Firth  was  on  9  th  February, 
1905,  and  contained  628  whitings.  Nearly  all  belonged  to  the  first 
group,  now  approaching  one  year  of  age,  and  the  bulk  of  the  specimens 
were  aggregated  between  11cm.  and  15*5cm.,  the  average  being  13*2cm., 
or  b\  inches. 

On  the  south  coast  of  the  Moray  Firth,  at  Burghead  Bay  and  in  that 
neighbourhood,  another  series  of  collections  of  whitings  was  made,  and  in 
most  of  these  cases  two  groups  were  represented.  The  first  was  on  20th 
October,  1903;  it  comprised  only  94  whitings,  47  belonging  to  each 
series,  and  the  numbers  are  thus  small.  In  the  first  group  the  smallest 
whiting  was  75mm.  (almost  3  inches),  the  largest  being  146mm.,  and  the 
mean  about  10*5cm.  (4|-  inches).  In  the  second  group  the  smallest  was 
182mm.  {J ^^  inches),  and  the  largest  apparently  299mm.,  or  11|  inches; 
the  mean  size  was  about  23'5cm.,  or  9|  inches.  The  curves  for  the 
measurements  are  a  little  irregular,  but,  so  far  as  they  go,  they  show  a 
difiference  between  the  two  groups,  both  between  the  actual  apices  of  the 
curves  (or  modes)  and  the  means,  of  about  13cm.,  or  5|  inches. 

The  second  collection,  on  14th  November,  1903,  comprised  355 
whitings,  mostly  of  the  two  first  groups  referred  to.  The  younger  group 
contained  193  whitings  measuring  from  81mm.  to  174mm.  (3j-6g  inches); 
most  were  aggregated  between  10cm.  and  14cm.,  the  apex  being  at  13cm.; 
the  mean  alK)Ut  12cm.  (4|  inches),  and  the  arithmetic  average  121*8cm. 
The  curve  of  the  second  group  is  less  regular,  the  apex  is  at  28cm.,  and 
the  mean  about  27'5cm.  (10|  inches).  The  difference  is  15cm.  and 
15*5cm.,  or  5 J  inches.  These  whitings  were  taken  further  off  the  shore, 
in  water  of  30  fathoms  depth. 

In  a  collection  made  on  28th  December,  1903,  in  the  same  locality,  in 
water  of  30  fathoms,  comprising  386  whitings,  the  first  group,  which 
included  most  of  them,  ranged  from  75mm.  to  185mm.  (3-7|  inches). 
The  great  majority  were  aggregated  between  11cm.  and  15cm.,  the  apex 
of  the  curve  was  at  13cm.,  or  5|  inches,  and  this  was  also  the  mean,  while 
the  arithmetic  average  was  129mm.;  the  second  group  were  represented 
by  only  a  few,  insufficient  to  show  the  limits  or  average  size. 

Another  small  collection  of  29  whitings  was  obtained  on  29th  Decem- 
ber, the  first  group  ranging  from  110cm.  to  184cm. 

A  collection  on  23rd  January,  1904,  in  50  fathoms,  off  Kinnaird  Head, 
numbered  131,  and  chiefly  belonged  to  the  first  group.  This  group 
ranged  in  size  from  76mm.  to  165mm.  Most  were  aggregated  between 
10cm.  and  13'5cm.,  the  apex  of  the  curve  being  at  12cm.,  and  the  mean 
a  little  less ;  the  arithmetic  average  was  120'7mm.  The  second  group 
included  few  fishes,  most  being  at  24cm.  to  37cm. 
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At  Findhorn,  in  the  same  neighbourhood,  a  collection  of  293  was 
taken  on  1st  April,  1904,  in  30  to  32  fathoms.  They  belonged  for  the 
most  part  to  the  second  group,  the  sizes  extending  from  177mm.  (7 
inches)  to  about  30cm.  or  31cm.;  most  were  between  22cm.  and  28cm., 
the  mean  and  average  being  at  25cm.  (9|  inches).  They  represent 
whitings  at  nearly  two  years  of  age. 

Other  collections  were  made  on  Smi^h  Bank,  in  the  Moray  Firth, 
usually  in  22  or  23  fathoms  of  water.  The  first  of  these  was  on  23rd 
October,  1903,  when  420  whitings  were  taken,  two  groups  being  repre- 
sented. The  smaller,  or  fish  spawned  in  the  same  year,  ranged  from 
87mm.  to  160mm.  (3| — 6|  inches);  most  measured  between  11cm.  and 
13cm. ;  the  mean  was  12cm.,  and  the  arithmetic  average  128mm.,  or  a 
trifle  over  5  inches.  The  second  series,  which  included  221  fishes, 
ranging  from  200mm.  to  292mm.,  were  mostly  between  20cm.  and  24*5cm. ; 
the  apex  of  the  curve  was  at  22cm.,  and  the  arithmetic  average  was 
233mm.,  or  a  trifle  over  9^  inches.  From  apex  to  apex  of  the  two 
groups,  the  distance  is  10cm.,  or  4  inches ;  the  difference  between  the 
arithmetic  averages  is  10'5cm.,  or  i\  inches. 

On  27th  December,  1903,  147  whitings  taken  in  the  same  locality 
were  measured,  two  groups  being  represented.  The  first  extended  from 
113mm.  to  181mm.,  most  being  aggregated  under  13cm.  The  second 
group  extended  from  207mm.  to,  apparently,  305mm.,  most  being  aggre- 
gated between  23cm.  and  25cm.  The  numbers  are  too  few,  and  the 
curves  formed  on  the  measurements  too  irregular,  to  enable  any  satisfac- 
tory comparison  to  be  made  between  the  two  groups  in  this  case. 

Another  collection  of  955  whitings  at  Smith  Bank,  on  1st  April,  1904, 
was  represented  almost  entirely  by  one  group,  the  second.  It  extended 
from  19cm.  or  20cm.  to  30cm.  or  31cm.  or  32cm.;  most  were  aggregated 
between  22cm.  and  26cm.,  the  greatest  number  being  under  23cm.,  and 
the  mean  size  was  about  24'5cm.,  or  9|  inches.  These  fish  were  nearing 
their  second  year  of  age. 

A  small  collection  of  1 24  whitings  taken  in  the  same  locality  on  1 2th 
December,  1904,  was  limited  almost  entirely  to  the  first  group.  It  con- 
tained one  whiting  of  75mm.  (3  inches),  the  next  measuring  110mm., 
and  the  small  fish  were  thus  imperfectly  represented.  Most  were  aggre- 
gated between  13cm.  and  16cm. 

A  few  collections  of  whitings  taken  in  Aberdeen  Bay  and  neighbour- 
hood were  also  measured.  In  one,  on  13th  May,  at  the  *'  Doghole,"  or 
deep  depression  lying  a  few  miles  off  the  coast,  in  55  fathoms,  the  275 
fish  belonged  mostly  to  the  second  group,  the  first  being  imperfectly 
indicated.  The  smallest  whiting  taken  measured  115mm.,  or  4^  inches. 
The  majority  were  between  19cm.  and  26cm.,  most  being  at  22cni.,  and 
the  mean  size  was  22'5cm.  or  8§  inches. 

In  a  collection  of  148,  on  11th  February,  1905,  in  Aberdeen  Bay,  the 
smallest  measured  76mm.  The  greatest  number  were  between  11cm.  and 
14cm.,  most  being  at  13cm.  (5|  inches),  and  the  mean  was  a  trifle  higher. 

On  29th  March  following  362  whitings  were  measured  which  belonged 
to  the  first  group.  The  smallest  measured  110cm.  The  greater  number 
measured  between  13cm.  and  15cm.  The  apex  of  the  curve  of  measure- 
ments was  at  14cm.  (54  inches),  and  the  mean  was  a  trifle  above  this. 
These  were  approacliing  one  year  of  age. 

In  a  haul  on  31st  October,  1903,  701  whitings  were  obtained.  In 
the  first  group  the  smallest  whiting  was  56mm.  (2^  inches),  and  the 
largest  181mm.,  or  thereabout.  As  in  some  other  cases  in  autumn,  the 
smaller  fish  formed  a  little  semi- isolated  group,  suggesting  a  series  of 
younger  fishes,  the   Scm.  grouping  being  as  follows  : — 

6-5      6      6-5      7      7-5      8      8.5      9      9  5      10      10-5      11      11-6 
1         4      5         4      5         1       2         1      4         2        14         21      25~~5c. 
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As  I  pointed  out  in  my  previoas  papers,  these  very  young  whitings 
have  been  leading  a  pelagic  life,  and  now  descend  to  the  bottom  when  the 
seasonal  change  of  temperature  makes  the  water  there  warmer  than  the 
surface  layers. 

Most  of  the  fishes  in  this  series  were  aggregated  between  10cm.  and 
16cm.,  the  apex  being  at  13cm.,  as  well  as  the  mean,  and  the  arithmetic 
average  was  132mm.,  or  nearly  5|  inches.  The  grouping  of  the  larger 
whitings  is  not  very  clear,  but  most  of  them  measurod  from  21cm.  to 
30cm.,  the  mean  being  about  25'5cm.,  or  10  inches,  a  difference  of  about 
12 '5cm.,  or  about  4 J  inches  from  the  average  of  the  younger  group. 

In  a  collection  made  on  29th  Decem^r,  1903,  498  whitings  were 
obtained,  nearly  all  belonging  to  the  first  group.  Their  sizes  ranged  from 
115mm.  to  180mm.;  most  were  between  12cm.  and  16cm.,  the  greater 
number,  or  the  apex  of  the  curve,  being  14cro.  (5|  inches),  which  was  alao 
the  mean. 

The  principal  results  in  regard  to  the  growth  of  the  first  group  may  be 
tabulated  as  follows  : — 


Date. 

Average 

Size. 

Smallest 
Cm. 

tSize. 

Inches 
2 

Largest 

Sixe. 

■ 

22nd  October, . 

Cm. 

Inches 

Cm. 

Inchek 

Dornoch  Firth, 

11 

H 

51 

17-6 

71 

Do.,      .     .     . 
Do.,      .     .     . 
Do.,      .     .     . 

11th  November, 
27  th  December, 
7th  December, 

12 
18 
13-5 

6-8 
8-5 

^ 

H 

19-4 
21-1 

71 

■ 

Bulkhead, 
D^.,  .     .    . 
Do 

20th  October,  . 
14th  November 
28th  December, 

10-5 

12 

13 

4i 
Al 

5J 

7-5 
8-1 
7-6 

3 

14-6 
17-4 
18-5 

61 

OffKinnaird,  . 

23rd  January,  . 

12 

n 

7-6 

3 

16-5 

64 

Smith  Bank,    . 

23rd  October,  . 

12-3 

4i 

8-7 

3^ 

16-0 

H 

Aberdeen  Bay, 
Do.,    .     . 
Do.,    .     . 
Do.,    .     . 

11th  February, 
29th  March,     . 
3l8t  October,    . 
29th  December, 

13 
14 
13 
14 

7-6 
11-0 

5-6 
11-5 

3 

4| 

2| 

18-1 
18-0 

?! 

The  mean  sizes  of  the  second  group  of  whitings  varied  as  follows : — 
Burghead — 20th  October,  23'5cm.,  or  9 J  inches;  14th  November,  27*5cm., 
or  lOj  inches.  Smith  Bank — 1st  April,  24*5cm.,  or  9^  inches.  Aber- 
deen Bay — 13th  May,  22-6cm.,  or  8§  inches ;  31st  October,  22'5cm.,  or 
10  inches. 


GREY   OR  COMMON   GURNARD   (Trigla  gumardus). 

The  number  of  specimens  of  the  grey  gurnard  measured  in  connection 
with  the  observations  in  this  paper  was  5495,  belonging  to  about  50 
collections. 

Another  paper  in  which  the  growth  of  this  fish  is  dealt  with  was 
published  in  the  Seventeenth  AnmujU  RepoH.* 

The  spawning  period  of  the  gurnard  is  prolonged,  extending  from  April 
to  the  latter  part  of  August,  and  into  September,  or,  according  to  Heincke 
and  Ehrenbaum,  to  October;  spawning  is  at  its  height  in  the  early  part 
of  June.    In  May  the  duration  of  ''incubation '^  is  eight  or  ten  days,  but  in 

•  **  On  the  Migratory  Movements  and  Rate  of  Growth  of  the  Orev  or  Common 
Gurnard,"  Part  nl.,  p.  210. 
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June  and  July  it  is  shorter,  so  that  one  may  look  to  the  period  when  the 
swarms  of  young  gurnards  appear  as  about  the  middle  of  June  or  a  little 
later. 

The  gurnard  reaches  maturity  at  a  minimum  length  of  about  8  to  8^ 
inches,  say,  20cm.  to  22cm.  Thus,  in  201  which  were  fully  mature,  the 
smallest  of  the  17  males  which  were  ripe  measured  11  inches,  and  the 
smallest  of  the  184  females  was  8^  inches.  Of  49  males  which  were 
nearly  mature  the  smallest  was  9  inches,  and  of  273  females  of  the  same 
class  the  smallest  was  8^  inches. 

Among  601  gurnards  which  were  about  half  to  three -parts  mature,  the 
smallest  of  the  172  males  was  7^  inches,  and  the  smallest  of  the  429 
females  was  8  inches. 

While  gurnards  may  be  mature  at  the  sizes  stated,  it  must  be  remem- 
bered that  they  are  the  minimum  sizes,  and  represent  only  the  smallest 
fishes  of  the  group  which  first  reaches  maturity.  They  may  spawn  in 
their  third  year,  as  I  stated  in  my  former  paper  as  the  probable  age  of 
first-maturity,  but  it  is  possible  that  they  may  not  spawn  till  a  year  later, 
at  least  the  female  fishes,  when  the  average  size  is  somewhat  larger. 

Owing  to  the  unusually  prolonged  spawning  sesison,  and  the  fact  that 
it  begins  at  a  time  when  the  temperature  of  the  water  has  commenced  to 
rise  and  ends  when  the  temperature  has  fallen,  one  might  expect  that 
the  young  gurnards  from  the  same  spawning  will  show  much  difference 
in  size. 

Those  which  have  been  hatched  at  the  commencement  of  the  season, 
say  in  April  or  early  in  May,  meet  with  a  rising  temperature  and  have  the 
whole  of  the  summer,  the  period  most  favourable  for  growth ;  while  those 
hatched  in  September  or  October  meet  with  a  rapidly  falling  temperature 
and  the  winter  period,  which  is  as  a  rule  unfavourable  to  growth. 

Thus  we  find  in  September,  in  the  tow-nets,  gurnards  as  small  as  5mm. 
to  6mm.,  that  is  to  say,  not  very  long  hatched,  and  in  October  they  may 
be  12mm.  and  20mm. 

I  have  made  a  Table  of  the  post-larval  and  young  gurnards  obtained 
over  a  series  of  years,  both  in  tow-nets  and  small-meshed  trawl  nets, 
which  is  appended.  Almost  all  below  about  30mm.  were  got  by  tow- 
nets,  and  most  of  those  larger  by  the  trawls.  The  places  from  which  the 
collections  came  were  Aberdeen  Bay  (A.),  the  Moray  Firth  (M.F.),  Firth 
of  Forth  (F.),  the  Clyde  (C). 
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In  this  Table  it  will  be  noticed,  especially  in  the  columns  in  which  the 
various  collections  in  each  month  are  summed  up,  that  these  small 
gurnards  were  got  only  in  certain  months,  viz.,  August,  September, 
October,  November,  December,  February,  and  May.  None  under  5cm. 
were  got  in  November,  and  none  under  4*5cm.  in  December, 
while  in  February  the  smallest  was  6'7cm.,  and  in  May  7*9cm.  They  do 
not  appear  in  the  collections  before  August,  and  the  Table  shows  that 
their  growth  at  this  stage  is  fairly  rapid. 

In  my  former  paper  I  gave  a  Table  of  all  the  small  gurnards  under  3 
inches  which  were  obtained  by  the  fine-meshed  trawl-nets  of  the  "  Gar- 
land," arranged  according  to  mouths,  and  it  may  be  summarised  here. 
None  under  3  inches  (7*6.cm)  were  caught  between  May  and  September — 
a  fact  also  borne  out  by  the  above  Table — and  the  greater  number  were 
obtained  in  October  and  September.  The  absence  of  the  small  gurnards 
was  not  due  to  hauls  of  the  net  not  having  been  made  in  the  intervening 
mmths,  since  27  were  made  in  June,  July,  and  August.  The  number 
caught  in  each  month  in  which  hauls  with  the  fine  net  were  made,  and 
the  average  number  of  gurnards  under  3  inches  taken  per  haul  are  given 
in  the  following  Table : — 


Jan. 

Apr. 

I 

May.    June. 

i 

t 

Julj. 

Aug. 

Sept. 

Oct. 

N07. 

Number  of  Hauls, 

Number  of  Gurnards 
under  3  in.  (7  *6cm. ), 

12 

1 

41 
3 

34 

8 

0-23 

10 
0-0 

6 

11 

23 
2 

25 
30 

18 
24 

Average  per  Haul,     . 

0-08 

0-07 

00 

0-0 

009 

1-2 

1-8 

The  conclusion  drawn  from  the  facts  was  that  those  taken  in  January, 
April,  and  May  belonged  to  the  previous  year,  and  that  the  absence  of 
gurnards  under  3  inches  in  June,  July,  and  August  was  due  to  the 
growth  in  summer  taking  them  above  that  size. 

It  was  also  concluded  that  the  gurnards  ranging  about  6  inches  (15cm.) 
in  length  in  the  spring  were  from  18  months  to  2  years  old ;  that  the 
gurnard  did  not  reach  maturity  until  the  third  year;  and  that  there 
appeared  to  be  annual  groups  di^ering  in  length  by  about  two  inches  froui 
each  other — the  measurements  having  been  in  inches  and  fractions  of  an 
inch. 

In  the  collections  referred  to  in  the  present  paper,  the  early  groups  are 
sometimes  distinctly  marked  off  from  one  another,  and  little  difficulty  has 
been  experienced  in  determining  the  rate  of  growth  of  this  fish. 

It  may  be  mentioned  that  the  difficulty  in  regard  to  the  prolonged 
spawning  period,  and  the  summer  or  winter  season  for  the  early  and  late 
larvie  to  which  reference  has  been  made,  is  counteracted  by  a  rather  slow 
rate  of  growth  on  the  part  of  this  fish,  and  possibly  by  the  growth 
in  the  winter  not  being  retarded  to  the  extent  that  is  usual 
amongst  other  young  fishes.  In  this  respect  the  young  gurnard 
offers  a  striking  contrast  to  the  young  plaice  or  dab,  which  may  be  even 
shorter  in  early  spring  after  passing  through  the  cold  winter  months  than 
they  were  at  the  onset  of  winter.  In  the  latter  case  the  habitat  is  in  the 
shallow  water,  exposed  to  the  changes  in  the  air  temperature  and  varying 
with  it,  whereas  the  gurnard  is  pre-eminently  a  migratory  fish  at  all 
stages,  and  leaves  the  inshore  waters  for  deeper  water,  where  the  tempera- 
ture is  higher,  in  autumn. 
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In  m}'  previous  paper  I  showed  that  an  extramely  oIom  raUtion 
existed  between  the  changes  or  the  tempenture  of  the  water  and  the 
abundance  and  migration  of  the  gurnard,  none  of  them  entering  the  Firth 
of  Forth  until  the  temperature  reached  about  lO-B"  F.  ite  average 
number  of  gurnarda  taken  in  that  Firth  per  haul  of  Uie  net  in  the  variona 
months  of  the  year,  and  the  mean  bottom  temperature,  are  as  foUowa: — 


Jul. 

ft\>. 

Mw. 

Apr. 

May. 

luoe. 

July. 

Aug 

S^ 

Oct. 

Not 
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Gnrnnidg,       . 
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42-2 

■w 

40-fl 

■29 
«0« 

30-a 

47'e 

BO'S 

il-6 

IBS 
63-3 

S-1 

Gl-4 

1-1 

48-1 

■a 

44-8 

On  the  other  hand;  in  the  Moray  Firth  and  the  Firth  of  Clyde,  where 
there  is  deep  water,  the  gnmarde  moved  out  into  tiie  deeper  water.  Here 
are  the  similar  details  for  the  deep-water  stations  in  the  Moray  Firtii 
and  for  the  Clyde : — 


J»n, 

Feb. 

Mot. 

Apr. 

M.r. 

JUTM. 

July. 

Ang. 

Sept 

Oot. 

No*. 

Dec. 

Mormy  Firti- 
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There  are  not  complete  observations  in  regard  to  the  Clyde  to  anaUe 
the  mean  temperature  to  be  given,  hut  they  show  that  in  Jannary  at  the 
deeper  stations,  where  the  gumards  were  chiefly  caught,  the  temperfttora 
is  from  47-48  F.,  and  in  December  it  is  about  6  F.  higher  than  in  the 
Firth  of  Forth  at  the  same  period. 

It  is  thos  to  be  inferred,  from  what  is  known  in  regard  to  the  relation 
between  the  temperature  of  the  water  and  the  growth  of  fishes,  that  the 
young  gumards  do  not  cease  growing  in  winter,  but  that,  m^rating  to 
regions  where  the  winter  temperature  is  high,  they  continue  to  grow  and 
are  found  to  be  larger  in  spring.  The  explanation  is  necessary  to  account 
for  the  different  groups  in  the  collections. 

In  a  number  of  Tables  appended  to  this  paper  the  collections  of  gur- 
nards have  been  tabulated  in  one-centimetre  groups,  but  in  many  cases  the 
limits  of  the  groups  are  much  better  brought  out  by  a  •bcm.  anmngemeat 
of  the  measurements,  and  some  of  these  will  now  be  given. 

I  have  arraoged  in  the  following  Table  the  meaBuremants  of  certain 
collections  from  Aberdeen  Bay,  the  Firth  of  Forth,  and  the  Dornoch  Firtii, 
in  '5cm.  up  to  34cm.    The  columna  refer  to  the  collections,  as  follows: — 

Col.       I,  Aberdeen  Bay,  Summary  of  July  collections. 
„        II.  „  „  „  September  collections. 

III.  „  „  „         October  collections. 

„      rV".  Dornoch  Firth,  Summary  of  November  collections. 
„        v.  Burghead  Bay,  „  September  collections. 

„       VI.  FirS  of  Forth,  „  May  collections. 

;,     VII.  „  „  „  July  collections. 
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Col  VIII.  Firth  of  Forth,  Summary  of  August  collections. 

IX.  Summary  of  all  July  collections. 
X.  „         „        October  collections. 

"XI.  M         ,,       November  collections. 
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In  many  of  these  cases  the  division  into  groups  is  obvious.  A  few  of 
them  may  be  considered  in  detail,  in  order  to  make  clear  the  rate  of 
growth. 

In  the  Firth  of  Forth,  in  May,  from  9th  to  13th,  a  number  of  gurnards 
were  taken,  belonging  to  at  least  five  annual  series  (pi.  XI]!.).  The 
smallest,  representing  the  fishes  from  the  previous  year's  spawning,  and 
being  therefore  from  seven  months  to  fully  a  year  old,  and  principally 
about  eleven  months,  numbered  21.  They  varied  in  size  from  7*9cm.  to 
13*lcm.  (3^-5^  inches),  a  range  or  difference  of  5*2cm.;  the  maximum 
number  measured  about  9cm.  (the  apex,  mode  or  maximum  ordinate,  of 
the  curve),  the  mean  was  about  10*5cm.,  and  the  arithmetical  average 
O'lcm.,  or  4  inches. 

The  next  group  numbered  32,  varying  in  size  from  14cm.  to  19'lcm. 
(5|-7|  inches),  and  were  a  year  older,  on  an  average  about  1  year  and  11 
months.  The  maximum  number  were  at  16'5cm.,  the  mean  was  16cm., 
and  the  arithmetical  average  16*2 1cm.,  or  6|  inches.  The  growth  from 
the  previous  series  was  thus  about  6*  1cm.,  or  2f  inches,  which  represents 
the  increment  in  a  year. 

The  third  series  numbered  20,  the  range  was  from  19*6cm.  to  24'lcm.^ 
(7|-9i^  inches),  the  maximum  number  were  at  21cm.,  the  mean  was 
21 '3cm.,  and  the  arithmetical  average  was  21*54cni.,  or  8^  inches.  These 
fishes  were  very  nearly  three  years  old,  and  the  growth  indicated  in  a  year 
from  the  preceding  group  was  5*  3cm.,  or  2^^  inches. 

The  fourth  series  numbered  14,  varying  in  length  from  25*2cm.  to 
28'9cm.  (9||-11|  inches);  the  maximum  number  were  at  27cm.,  the 
mean  was  26*5cm.,  and  the  average  27cro.,  or  10|  inches.  The  indicated 
growth  in  a  year  amounted  to  5'46cm.,  or  2^  inches.  These  gurnards 
were  approximately  four  years  old. 

A  fifth  series  consisted  of  13  fish,  varying  from  29*7cm.  to  32 '5cm. 
(llj-13|  inches);  the  maximum  number  were  at  30cm.,  the  mean  was 
31cm.,  and  the  calculated  arithmetical  average  was  30*97cm.,  or  12| 
inches.  The  growth  from  the  previous  series  was  about  1|  inches,  and 
the  age  of  the  series  nearly  five  years. 

Towards  the  end  of  July  another  collection  from  the  Firth  of  Forth  was 
examined  (pi.  XIII.).  The  first  series  of  32  varied  from  11cm.  to  13'7cm. 
(4|-5|  inches),  and  was  obviously  incomplete  by  the  absence  of  many  of 
the  smaller  gurnards,  the  range  of  sizes  amounting  to  only  2 '7cm.  The 
maximum  number  were  at  12*5cm.,  the  mean  was  the  same,  and  the 
average  12*4cm.,  or  4^  inches.  These  fish  were  probably  rather  over  one 
year  of  age. 

The  second  group  was  represented  by  107  gurnards,  ranging  in  length 
from  14*3cm.  to  20*2cm.  (5§-7j|  inches);  the  maximum  number  were  at 
16*5cm.,  the  mean  was  17cm.,  and  the  average  was  17*  1cm.,  or  6|  inches. 
The  indicated  growth  from  the  previous  generation  was  4*  7cm.,  which  is 
too  small,  owing  to  the  reason  stated — the  absence  of  the  smaller  fishes. 

The  next  group  numbered  12,  varying  from  21cm.  to  26'5cm.;  the 
maximum  number  were  at  22- 5cm.,  the  mean  was  2 3* 5cm.,  and  the 
calculated  average  23''3cm.,  or  9^  inches.  These  fish  were  about  three 
years  of  age,  and  the  growth  indicated  from  the  previous  series  was  6*2cm., 
or  2-Jj^  inches,  which  is  too  great. 

In  the  August  collection  (pi.  XIII.),  the  first  series  included  78  gurnards 
from  10'8cm.  to  15'6cm.  (4|-5|  inches);  the  maximum  number  or  mode 
was  about  13cm.,  which  was  also  the  mean,  while  the  computed  average 
was  13'14cm.,  or  5^  inches.     These  fish  were  about  13  or  14  months  old. 

The  second  series  numbered  33  fishes,  the  sizes  ranging  from  1 6 '4cm. 
to  22'6cm.  (6^-8^  inches) ;  the  maximum  n'jrabcrs  wore  at  20cm.,  the 


of  the  Fishery  Board  for  Scotland,  289 

mean  was  19cm.,  and  the  average  19*26cm.,  or  7f  inches.  The  growth 
indicated  in  a  year,  from  the  former  series,  was  6*  12cm.,  or  2^  inches. 
These  fishes  were  over  two  years  of  age. 

In  this  collection  there  were  also  a  few  of  larger  size,  but  their  number 
is  not  sufficient  to  indicate  grouping. 

From  Aberdeen  Bay  a  number  of  collections  were  also  obtained,  some 
of  which  may  be  referred  to  (pi.  XIII.). 

On  the  5th  July,  the  first  series  was  represented  by  109  gurnards, 
measuring  from  9 'Tom.  to  13*8cm.  (3|f-5J  inches);  the  greater  number 
measured  about  ll*5cm.  to  12cm.,  the  mean  was  12cm.,  and  the  computed 
average  1  l'56cm.,  or  \^^  inches.     These  fish  were  about  a  year  old. 

The  next  series  included  61  gurnards  from  14-2cm.  to  19*9cm.  (5|-7g 
inches).  The  maximum  number  were  at  17cm.,  the  mean  size  was  also 
17cm.,  and  the  computed  average  16'90cm.,  or  6|  inches.  The  amount 
of  growth  indicated  in  a  year  from  the  preceding  series  was  thus  about 
5'34cm.,  or  2^  inches. 

On  the  30th  and  31st  July,  the  first  series  comprised  12  gurnards  from 
11 '2cm.  to  15'lcm.  (4|-6  inches).  The  maximum  number  were  at  14cm., 
the  mean  was  13cm.,  and  the  average  13*49cm.,  or  5y^  inches,  which  is 
about  1cm.  greater  than  it  ought  to  be,  owing  to  the  absence  of  small 
fishes. 

The  next  series  consisted  of  33  gurnards,  measuring  from  16'7cm.  to 
21*4cm.  (6^^8/^  inches).  The  maximum  number  were  at  18*5cm.,  the 
mean  was  the  same,  and  the  average  was  18'73cm.,  or  7|  inches.  These 
fish  were  over  two  years  old,  and  the  amount  of  growth  indicated  in  a 
year  from  the  preceding  series  was  5'24cm.,  or  2  inches,  which  is  rather 
under  the  normal,  owing  to  the  absence  of  small  fishes  in  the  preceding 
series. 

On  1st  September  the  young  gurnards  are  represented  in  the  collection. 
On  that  day  17  were  taken,  measuring  from  32mm.  to  71mm.  (1^2| 
inches) ;  the  maximum  number  were  at  5cm.,  which  was  also  the  mean, 
and  the  computed  average  was  54*lcm.,  or  2^  inches.  The  age  of  these 
fishes  was  probably  3  or  4  months. 

On  the  20th  September  five  of  this  series  were  got,  measuring  from 
5 '3cm.  to  9'7cm.,  but  the  October  collection  shows  that  the  smaller  fishes 
were  not  present. 

The  second  group  numbered  52,  varying  in  length  from  11 '6cm.  to 
16'7cm.  (4^^8-6^  inches);  the  maximum  was  15cm.,  the  mean  14cm., 
and  the  average  14'57cm.,  or  5|  inches,  the  probable  age  being  about 
16  months. 

In  the  third  series  there  were  37  gurnards,  ranging  from  17*2cm.  to 
22cm.  (6  j-8|  inches) ;  the  maximum  number  were  at  20'5cm.,  the  mean 
was  19 '5cm.,  and  the  average  20*02cm.,  or  7^  inches.  The  growth  of 
this  series,  about  2  years  and  4  months  of  age,  was  apparently  5 '45cm., 
or  2^  inches  in  the  year. 

A  collection  on  the  13th  October  contained  24  gurnards  of  the  first 
series.  They  varied  in  length  from  2*  1cm.  to  8cm.  (J-3J  inches) ;  the 
maximum  number  were  at  6cm.,  and  the  mean  was  6cm.,  the  computed 
average  being  4*65cm.,  or  1^  inches,  which  is  too  small,  owing  to  the 
smaller  fishes  being  over- represented. 

The  next  series  iucluded  18  gurnards,  from  12cm.  to  16*8cm.  (4|-6| 
inches) ;  the  maximum  number  were  at  14 '5cm.,  the  mean  was  the  same, 
and  the  average  14'63cm.,  or  5|  inches.  These  fish  were  about  1  year 
and  4  months  old. 

The  third  series  comprised  only  two  fishes,  19*3cm.  and  22'8cm.  in 
length. 
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On  8th  October  another  collection  contained  four  of  the  first  group. 
They  varied  from  5*7cm.  to  8'5cm.  The  second  group  consisted  of  1 5 
fishes,  from  10*9cm.  to  17'4cm.  {^^^^i  inches);  the  mean  was  14'5cm., 
and  the  average  I4'49cm.,  or  5|  inches. 

A  third  series  was  represented  by  five  fishes,  from  21*3cm.  to  22*7cm., 
the  average  being  21 '72cm.,  or  8-j^  inches.  The  smaller  fishes  of  the 
series  were  not  present. 

Another  collection,  from  the  Dornoch  Firth  on  5th  and  1 1th  November, 
may  be  referred  to.  The  first  group  contained  82  gurnards,  from  5*9cm. 
to  ir3cm.  (2^-4^  inches);  the  maximum  number  were  at  8cm.,  the 
mean  was  about  8*3cm.,  and  the  average  8*44cm.,  or  Sy'^^  inches. 

There  were  eleven  gurnards  in  the  next  group,  the  sizes  ranging  from 
I2'lcm.  to  18'5cm.,  (4|-7-^|^  inches) ;  the  mean  was  15cm.,  and  the 
average  14*98cm.,  or  5|f  inches.  The  apparent  growth  in  the  year  from 
the  preceding  generation  was  thus  6'54cm.,  or  2^  inches. 

The  third  series  contained  ten  fishes,  from  19 '2cm.  to  21 '5cm.  {'^^j^-^y^ 
inches).  The  maximum  number  were  at  21cm.,  and  the  average  was 
at  20'62cm.,  or  8|  inches.  These  fishes  were  in  the  middle  of  their  third 
year ;  the  apparent  growth  from  the  previous  series  was  5' 64cm.,  or  2^ 
inches. 

The  other  groups  were  represented  by  a  few  fishes.  An  examination 
of  the  figures  in  the  Tables  appended  will  show  that  the  growth  in  the 
Firth  of  Forth  in  100  days,  from  the  early  part  of  May  to  the  middle  of 
August,  amounted  for  the  first  group,  that  is,  fish  about  a  year  or  more  of 
age,  to  3cm.,  or  1^  inches.  Precisely  the  same  amount  is  indicated  for 
the  growth  of  the  corresponding  series  in  100  days,  from  the  beginning  of 
July  to  the  middle  of  October,  in  Aberdeen  Bay.  The  older  group,  fish 
about  two  years  or  over,  increased  also  by  3cm.,  in  the  100  days  in  the 
Forth,  and  by  r83cm.  in  25  days  and  r29cm.  in  76  days  in  Aberdeen 
Bay. 
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Average 
Size. 
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306 
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3-07 

21-54 

2-28 

of  the  Fishery  Board  for  Scotland. 


241 


About  half  the  growth  thus  takes  place  during  the  few  months  in 
Bummer,  the  growth  in  the  100  days  being  almost  exactly  the  same  a8  in 
the  remaining  265  days,  which  include  the  winter  montl^. 

If  the  differences  between  the  nverageti  of  the  successive  series  are 
considered,  as  in  the  following  Table,  it  will  be  found  that  between  the 
first  and  second  groups  the  differences  vary  from  5'24ciu.  to  U'98cm.,  and 
the  mean  of  this  is  6'40cn].,  or  2j  inches.  It  appears,  however,  to  be  a 
trifie  too  high.  The  best  collectiooB,  in  which  the  series  are  most  equally 
represented  at  the  different  sizeA,  indicate  a  very  slightly  smaller  rate  of 
growth.  It  may  be  said  that  the  gurnard  in  the  early  generations  grows 
about  6-Ocm.,  or  2|-2j  inches,  in  a  year. 

In  the  later  generations  growth  is  slower.  In  some  of  the  collections 
five  or  six  series  belonging  to  different  years  can  be  made  out. 

In  some  large  collections  made  during  the  spawning  period,  in  Sinclair 
Bay,  Moray  Firth,  the  sexes  were  determined  and  separately  measured, 
but  the  tables  of  measurements  and  the  curves  constructed  on  them  did 
not  show  the  grouping  very  clearly.  The  due  furnished  by  the  study  of 
the  smaller  collections  above  described  enables  the  divisions  between  the 
earlier  serije  to  be  indicated,  and  it  wilt  be  seen  they  agree  with  the 
Btatementfl  made  as  to  the  grouping  and  the  rate  of  growth.  These 
collections  from  the  northern  part  of  the  Moray  Firth  show  that  at  least 
eight  or  nine  generations  are  present. 
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« 
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,. 
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IS 
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I.— PLAICE,   LOCEFYNE,   1901. 

PUSH-NET. 

(1)  July. 

(2)  August. 

Col.    I.  Biff  Harbour,      - 
„    II.  Salen, 
„  III.  Strachur,    . 
„   IV.  Inveraray,  - 
,,     V.  Lochgilphead, 
„   VI.  Caimdow,  - 

Ist  and  3rd 

2nd 
4th  and  5th 
4th  and  5th 

2nd 

6th 

Col.    I.  Biff  Harbour, 
„    II.  Salen, 
„  III.  Strachur, 
„   IV.  Inveraray,  - 

.     28th,  29th 
29th 
80th 
SOtli,   31st 

July. 

AUQUSl 

1 

MM. 

I. 

II. 

III. 

IV. 

V. 

VI. 

Total. 

I. 

II. 

III. 

IV. 

Total 

11 

12 

5 

— 

— 

— 

. 

— 

5 

— 

— 

— 

— 

13 

5 

— 

— 

— 

— 

— 

5 

~ 

— 

— 

— 

— 

14 

6 

1 

_ 

_ 

_ 

— 

7 

- 

— 

.. 

— 

_ 

15 

9 

— 

— 

_ 

— 

— 

9 

— 

— 

— 

— 

16 

8 

1 

1 

_ 

. 

_ 

10 

_ 

— 

— 

— 

^ 

17 

8 

8 

. 

_ 

— 

— 

6 

— 

— 

— 

— 

— 

18 

11 

8 

4 

. 

m^ 

_ 

18 

m^ 

_ 

_ 

— 

m. 

19 

11 

8 

8 

1 

— 

— 

28 

— 

— 

— 

— 

— 

20 

16 

22 

10 

_ 

— 

— 

48 

— 

— 

— 

' 

— 

21 

23 

25 

10 

_ 

_ 

_ 

58 

. 

— 

— 

.. 

— 

22 

81 

51 

25 

_ 

— 

_ 

107 

— 

— 

— 

— 

•. 

28 

89 

70 

36 

5 

— 

•. 

150 

— 

— 

— 

- 

— 

24 

54 

80 

54 

4 

1 

. 

193 

- 

— 

— 

— 

_ 

25 

76 

114 

52 

8 

1 

— 

251 

— 

- 

— 

— 

— 

26 

75. 

97 

42 

3 

1 

~. 

218 

— 

— 

— 

— 

27 

86 

89 

69 

14 

~. 

— 

258 

_ 

— 

— 

— 

— . 

28 

67 

70 

64 

18 

2 

1 

222 

— 

— 

■. 

— 

— 

29 

67 

62 

59 

42 

8 

1 

234 

— 

— 

— 

— 

- 

80 

56 

44 

46 

68 

1 

2 

217 

— 

• 

^, 

— 

— 

81 

49 

18 

44 

78 

— 

— 

189 

— 

_ 

^^ 

— 

— 

82 

89 

10 

27 

91 

5 

1 

178 

— 

• 

— 

— 

— 

83 

15 

8 

25 

82 

5 

■. 

135 

— 

_ 

— 

— 

— 

84 

16 

5 

14 

92 

2 

_ 

129 

1 

. 

2 

— 

3 

85 

10 

4 

11 

94 

2 

— 

121 

. 

— 

2 

w 

2 

86 

7 

6 

17 

86 

2 

2 

120 

— 

_ 

1 

— 

1 

87 

8 

5 

12 

81 

2 

2 

110 

1 

~ 

3 

— 

4 

88 

7 

1 

10 

71 

8 

— 

92 

_ 

_ 

3 

— 

3 

89 

6 

1 

7 

55 

1 

— 

70 

2 

— 

7 

— 

9 

40 

4 

2 

6 

49 

5 

— 

66 

3 

_ 

4 

— 

7 

41 

2 

2 

2 

81 

2 

1 

40 

7 

1 

5 

— 

18 

42 

1 

— 

3 

81 

8 

. 

38 

10 

8 

5 

— 

18 

48 

2 

1 

1 

26 

2 

— 

32 

4 

— 

5 

— 

9 

44 

1 

— 

2 

22 

— 

— 

25 

10 

1 

4 

-. 

15 

45 

1 

• 

1 

22 

4 

1 

29 

10 

2 

1 

— 

18 

46 

— 

— 

1 

18 

5 

— 

24 

6 

8 

2 

— 

11 

47 

2 

— 

2 

15 

_ 

_ 

19 

17 

3 

2 

.. 

22 

48 

1 

— 

1 

9 

2 

— 

13 

15 

3 

2 

1 

21 

49 

1 

2 

. 

8 

— 

1 

12 

16 

8 

1 

— 

25 

50 

1 

— 

1 

10 

1 

. 

13 

15 

4 

2 

. 

21 

51 

1 

1 

1 

8 

1 

. 

12 

14 

7 

1 

1 

23 

52 

— 

— 

■. 

7 

1 

1 

9 

21 

1 

. 

— 

22 

53 

— 

— 

— 

3 

— 

— 

8 

13 

3 

1 

— 

17 

54 

— 

— 

~ 

2 

- 

— 

2 

16 

3 

— 

— 

19 

55 

^ 

— 

— 

8 

— 

_ 

3 

17 

2 

1 

2 

22 

56 

— 

_ 

2 

— 

— 

2 

14 

3 

— 

1 

18 

57 

— 

_ 

— 

8 

_ 

_> 

3 

12 

2 

— 

4 

18 

58 

— 

— 

— 

1 

— 

_ 

1 

9 

_ 

— 

1 

10 

59 

— 

- 

— 

— 

— 

— 

— 

8 

1 

2 

4 

15 

60 

— 

_ 

— 

_ 

— 

— 

— 

10 

1 

1 

8 

20 

61 

— 

— 

— 

— 

— 

— 

— 

8 

— 

1 

5 

14 

62 

_ 

— 

_ 

— 

. 

^ 

m^ 

3 

• 

_ 

11 

14 

63 

— 

_ 

— 

— 

— 

_ 

_ 

8 

1— 

1 

12 

16 

64 

_ 

_ 

_ 

m. 

— 

^ 

_ 

5 

— 

_ 

6 

11 

65 

— 

_ 

_ 

_ 

_ 

• 

_ 

2 

. 

— 

9 

11 

66 

— 

— 

— 

— . 

— 

— 

— 

2 

_ 

— 

6 

8 

67 

_ 

— 

_ 

— 

_ 

*    ^ 

_ 

1 

_ 

1 

9 

11 

68 

— 

_ 

1— 

— 

— 

— 

— 

— 

. 

2 

5 

7 

69 

— 

— 

— 

— 

- 

1— 

_ 

4 

— 

1 

5 

10 

70 

_ 

_ 

^ 

— 

— 

— 

_ 

1 

_ 

— 

8 

9 

71 

_ 

— 

m. 

— 

— 

— 

2 

— 

_ 

8 

5 

72 

— 

— 

— 

— 

— 

. 

_ 

2 

.     1 

• 

7 

10 

78 

— 

— 

— 

— 

— 

— 

— 

-. 

2 

3 

5 

74 

- 

- 

- 

- 

- 

- 

1 

- 

1 

2 

4 
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Part  III. — Twenty-fourth  Annual  Report 

I.— PLAIGB,  LOGHFYNE,  IWl'-etmUnued. 


July. 

August. 

MM. 

I. 

II. 

III. 

IV. 

V. 

VI. 

Total. 

I. 

II. 

III. 

IV. 

Total. 

76 
76 
77 
78 
79 
80 
81 
82 
88 
84 
85 
86 
87 
88 

— 

- 

- 

"" 

- 

— 

2 

1 

1 
1 

1 
1 

- 

3 

6 
1 
8 
1 
4 
2 

2 

1 
I 

10 
2 
6 
2 

6 
2 

1 
3 
2 
1 

1 
2 
2 

1 

822 

806 

668 

1163 

67 

IS 

3629 

292 

62 

79 

138 

666 

II.- PLAICE,   LOOHFYNE,   1903. 

PUSHNBT. 


LOOH- 

OILP- 

HKAD. 


MM. 


14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 


Inveraray. 


June  22 


1 
1 
1 
4 
6 
6 
8 
6 
6 
2 
8 
8 
6 
8 
4 
7 
3 
2 
2 
1 


1 
2 


/    / 


86 


Jul 
10- 


'f: 


1 

2 
2 
2 

3 
4 
8 
7 
8 
7 
4 
6 
6 
9 
8 
8 
6 
3 
8 
1 
1 
1 
2 


1 
1 


106 


Strachur. 


Jnne24 


6 

9 

12 

11 

12 

11 

6 

6 

6 

6 

3 

4 

3 


94 


July  13 


1 
4 
3 
6 
6 
4 
4 
3 
6 
6 
2 
1 


1 
1 


1 
1 


50 


Bio  Harbour. 


June  26 


1 
1 
3 
2 
2 
3 
4 
6 
1 
1 


\ 


25 


July  13 


3 
4 

6 
6 
6 

12 

19 

27 

27 

30 

26 

29 

24 

17 

17 

7 

7 

6 

4 

6 

2 

2 
1 
1 
2 


\ 


298 


June  26 


1 
1 
2 


1 
1 


1 
1 


1 
1 


18 


Total, 
June 


6 
9 

16 

13 

17 

18 

16 

14 

17 

17 

9 

7 

6 

10 

8 

8 

6 

7 

3 

3 

2 

2 


2 
I 
2 

1 
1 


218 


Total, 
July 


1 

2 

6 

10 

8 

14 

16 

24 

30 

38 

89 

39 

38 

86 

83 

26 

26 

13 

10 

10 

6 

6 

4 

2 

2 

1 

1 

S 

2 
2 
S 

1 
1 


448 
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III.— PLAICE,  LOOHFYNE,  1901. 

PUSH.NET. 
{Preceding  TabU  arrcmged  in  '5  Centimetres,) 


(1)  July. 
CoL    I.  Biff  Harbour. 
II.  Salen. 

III.  Strachur. 

IV.  InTeraray. 
V.  Lochgilphead. 

VI.  Caimdow. 


(2)  August. 
Col.    I.  Biff  Harbour. 
„     II.  Saien. 
,,    III.  Strachur. 
„    IV.  Inveraray. 


July  1-6. 

I 

August  28-31. 

CM. 

I. 

II. 

III. 

IV. 

V. 

VL 

Total. 

I. 

II. 

[11. 

IV. 

Total. 

1 
•5 

5 
31 

5 

1 

— 

- 

5 
87 

- 

- 

— 

- 

— 

2 

92 

109 

67 

1 

~ 

_ 

259 

— 

•. 

— 

— 

— 

•5 

8»() 

450 

253 

34 

3 

— 

1070 

— 

— 

— 

— 

- 

8 

278 

204 

240 

297 

11 

5 

1085 

— 

-. 

— 

— 

— 

•6 

56 

28 

79 

435 

13 

4 

615 

2 

. 

8 

— 

10 

4 

20 

6 

28 

237 

14 

1 

306 

22 

4 

24 

— 

50 

•5 

6 

1 

7 

103 

11 

1 

129 

47 

9 

14 

— 

70 

5 

4 

3 

3 

42 

5 

2 

59 

81 

23 

6 

2 

112 

•6 

-> 

— 

_ 

13 

i_ 

.. 

13 

72 

IS 

2 

7 

94 

6 

_ 

_ 

_ 

1 

. 

^ 

1 

38 

2 

4 

29 

73 

•5 

— 

— 

_ 

_ 

^ 

_ 

IS 

m. 

2 

42 

57 

7 

— 

— 

.. 

_ 

_ 

_ 

. 

9 

I 

3 

28 

41 

•5 

-. 

^ 

_ 

«. 

_ 

•_ 

. 

4 

.. 

8 

14 

26 

8 

— 

-. 

.. 

^ 

_ 

_ 

— 

2 

— 

8 

9 

14 

•5 

— 

_ 

. 

_ 

^ 

^, 

•• 

2 

_ 

4 

2 

8 

9 

— 

— 

— 

— 

- 

— 

— 

— 

- 

1 

— 

1 

822 

806 

668 

1163 

57 

13 

3529 

292 

52 

79 

133 

556 

1903. 


Junk  22-26. 

July  10-18. 

CM. 

I. 

II. 

III. 

IV. 

Total. 

I. 

IL 

III. 

Total. 

1 
•5 

1 

26 

1 

1 

29 

1 

- 

- 

1 

2 

16 

46 

11 

4 

77 

9 

18 

18 

40 

•5 

23 

21 

12 

_ 

56 

84 

22 

91 

147 

3 

38 

1 

1 

3 

38 

32 

8 

126 

166 

•6 

8 

_ 

.. 

2 

10 

21 

3 

41 

65 

4 

2 

— 

-, 

1 

3 

4 

1 

10 

15 

•6 

3 

— 

_ 

2 

5 

2 

2 

4 

8 

5 

. 

. 

• 

. 

_ 

2 

. 

3 

5 

•5 

••• 

— 

— 

- 

- 

1 

— 

1 

86 

94 

25 

18 

218 

105 

50 

293 

448 
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Part  111. — Tivtrnty-Jourtk  Annual  Report 


v.— PLAICE. 


Cm. 

BURGHEAD 

BAY, 

m,  December  1904. 

Haul  1. 

Haul  5. 

I 

laul  6. 
Male. 

Total. 

Hauls  1,  5 

,6. 

Fem. 

Male. 

Total. 

Fem. 

Male. 

Total 

Fem. 

Fem. 

Male. 

Total.  1 
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26 

3 

2 
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18 

28 

46 

27 

14 

19 

33 
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1 

5 
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31 
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28 

27 
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65 
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32 

67 

2 

3 

5 

54 

73 

127 

29 

27 
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34 
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25 
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VI.— PLAICE. 


BURO- 

HEAD 

DORNOCH  FIRTH. 
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Part  III, — Twenty-fourth  Animal  Report 


VIII.— COMMON  DAB,  ABERDEEN  BAY. 

Col.        I.  Oflf  Ythan,  13th  Nor.  1900.    Shrimp  net,  6-9  fathoms. 
II.  Oflf  Ythan,  19th  Nov.  1900.    Shrimp  net,  2-10  fathoms. 

III.  Donmouth  to  Bathing  Station,  8th  April  1904.    Shrimp  not,  4-6  fathoms. 

IV.  Donmouth  to  Kathiug  Station,  16th  April  1904.    Shrimp  net,  4-6  fathoms. 
V.  Donmouth  to  Bathing  Station,  26th  April  1904.    Shrimp  net,  4-6  fathoms. 

VT.  Totals  of  III. -V. 

VII.  Donmouth  to  Bathing  Station,  4th  lifay  1904.    Shrimp  net,  H-7  fathoms. 
VIII.  Donmouth  to  Bathing  Station,  12th,  18th  May  1904.  Shrimp  net.  8-7  fathoms. 

IX.  Donmouth  to  Bathing  Station,  1st  Sept.  1904.    Shrimp  net,  4-9  fathoms. 

X.  Ofif  Quarries,  11th  Feb.  1905.    Small-meshed  net,  8-12  fathoms. 

XI.  Donmouth  to  Black  Dog,  27th  March  1905.    Small-meshed  net.  5-10  fathoms. 
XII.  Donmouth  to  Bl*ick  Dog,  80th  Jan.  1906.    Small-moshed  trawl,  8  fathoms. 


Cm. 

I. 

II. 

III. 

IV.  1 
1 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 
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60 
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54 
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191 
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10 
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IX.— COMMON   DABS. 


DORNOCH  FIRTH— MORAY  FIRTH. 


Col.     I.  9th  February  1905—6^-10  fathoms. 
„      II.  Slat  March  1904. 
,,    III.  8th  June  1903—10-11  fathoms. 
H     IV.  22nd  October  1903—8-13  fathoms. 


Col.     V.  7th  December  1904. 
VI.  27th  December  1903. 
VII.  28th  December  1903. 
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— 

3 

— 

3 

— 

1 

— 

1 

1 

1 

2 

•5 

— 

4 

— 

12 

— 

1 

— 

1 

1 

1 

2 

19 

— 

2 

— 

3 

— 

— 

— 

— 

2 

_ 

2 

•5 

-. 

1 

— 

3 

— 

— 

-. 

— 

1 

_ 

1 

20 

-~ 

3 

. 

5 

— 

1 

— 

1 

_ 

1 

1 

21 

_ 

_ 

— 

4 

_ 

_ 

— 

_ 

1 

_ 

1 

22 

. 

_ 

3 

_ 

_ 

— 

— 

. 

^ 

— 

28 

24 
25 

— 

1 

- 

1 
3 
4 

- 

- 

- 

— 

1 

- 

1 

». 

_ 

^ 

^ 

^ 

.. 

2 

^ 

^ 

_ 

26 

_ 

— 

— 

2 

.. 

^ 

. 

1 

• 

— 

_ 

27 

— 

. 

— 

1 

-. 

— 

— 

1 

— 

. 

• 

28 
29 
80 

- 

— 

- 

1 

— 

- 

3 

- 

- 

^ 

^ 

^ 

1 

^ 

-p, 

^ 

1 

_ 

_ 

^ 

81 

- 

- 

— 

1 

— 

- 

- 

1 

— 

- 

— 

524 

53 

16 

724 

258 

114 

78 

201 

312 

315 

684 

254 
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X.— COMMON  DAB. 

Witch  Ground,  Moray  Firth. 


Col.     I.  14th  November  1903. 

„     II.  28th  December  1903. 

„    III.  23rd  January  1904. 

SmTH  Bank. 

OoL    I.  Ist  April  1904. 

„     II.  23rd  October  1903. 

„    III.  12th  December  1904. 

H    IV.  27th  December  1903. 


BuRGHSAD  Bat. 

Col.     I.    20th  October  1908. 
II.    6th  December  1904. 


tt 


Off  Fiin>HORN. 
Col    1.    iRt  April  1904. 


Witch  Ground  (off  Cromarty). 

Smith  Bank. 

Burohrad 
Bav- 

Off 
Find- 

Cm. 

horn 

III. 

IV. 

I. 

II. 

I. 

II. 

III. 

I. 

II. 

I. 

Fem. 

Male. 

Total. 

Fem. 

Male. 

Total. 

2 

_ 

^ 

^ 

^ 

«. 

MM 

^ 

» 

_ 

_ 

.. 

. 

_ 

» 

•5 
3 
•6 
4 
•6 
6 
•6 
6 
•5 
7 
•6 
8 

- 

— 

— 

- 

- 

— 

1 

- 

— 

- 

10 
27 
8 
5 
8 
2 
5 
3 

3 

- 

- 

- 

- 

- 

— 

- 

- 

- 

- 

— 

— 

— 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

— 

- 

- 

— 

- 

- 

- 

- 

— 

- 

- 

- 

— 

— 

- 

— 

— 

- 

- 

- 

- 

— 

- 

— 

- 

- 

— 

- 

- 

- 

- 

- 

- 

- 

— 

- 

- 

- 

- 

— 

- 

- 

- 

•6 

— 

— 

— 

-. 

_ 

— 

1 

2 

1 

1 

— 

— 

_ 

9 

— 

1 

. 

_ 

.. 

_ 

2 

2 

8 

2 

5 

1 

~ 

_ 

•6 

1 

9 

_ 

— 

^ 

. 

13 

8 

18 

10 

23 

4 

— 

~ 

10 

1 

8 

— 

1 

1 

2 

25 

28 

22 

19 

41 

12 

— 

_ 

•6 

4 

18 

3 

2 

5 

1 

47 

85 

81 

42 

78 

11 

— 

— 

11 

5 

4 

3 

8 

11 

5 

66 

111 

48 

55 

108 

8 

— 

_ 

•6 

7 

7 

4 

7 

11 

10 

82 

124 

75 

44 

119 

14 

— 

1 

12 

12 

1 

5 

12 

17 

8 

54 

99 

59 

87 

96 

10 

— 

2 

•6 

12 

9 

11 10 

19 

29 

11 

81 

91 

56 

36 

92 

26 

— 

— 

13 

7 

3 

11 

34 

45 

3 

68 

87 

85 

34 

69 

16 

— 

— 

•6 

15 

1 

21 

90 

111 

5 

77 

128 

41 

26 

67 

24 

— 

2 

14 

6 

1 

23 

116 

139 

7 

75 

109 

86 

20 

56 

20 

~ 

1 

•6 

9 

6 

41 

134 

175 

8 

89 

118 

42 

22 

64 

18 

6 

5 

15 

5 

2 

44 

115 

159 

10 

63 

114 

84 

14 

48 

15 

4 

2 

•5 

8 

6 

43 

115 

158 

9 

66 

92 

82 

9 

41 

27 

- 

2 

16 

7 

5 

24 

85 

109 

4 

80 

88 

26 

8 

84 

16 

1 

2 

•6 

4 

6 

37 

78 

115 

4 

86 

56 

26 

4 

29 

21 

8 

1 

17 

5 

5 

24 

62 

86 

2 

29 

84 

18 

2 

20 

14 

6 

4 

•6 

5 

7 

23 

61 

84 

8 

22 

45 

14 

— 

14 

15 

8 

7 

18 

1 

5 

19 

83 

52 

_ 

16 

25 

7 

— 

7 

7 

4 

1 

•6 

2 

8 

24 

18 

42 

3 

9 

22 

6 

1 

7 

16 

6 

6 

19 

5 

2 

20 

21 

41 

1 

5 

14 

8 

— 

8 

4 

6 

4 

•6 

2 

5 

8 

14 

22 

1 

6 

14 

5 

1 

6 

4 

7 

4 

20 

4 

5 

20 

11 

81 

• 

_ 

18 

8 

2 

5 

16 

14 

6 

21 

2 

6 

11 

7 

18 

1 

— 

15 

2 

1 

3 

15 

14 

2 

22 

1 

5 

11 

2 

13 

1 

_ 

7 

2 

1 

8 

2 

10 

4 

23 

— 

3 

4 

1 

5 

_ 

-. 

2 

2 

— 

2 

1 

9 

— 

24 

— 

3 

7 

2 

9 

_ 

_ 

3 

1 

mm 

1 

.. 

G 

.. 

25 

— 

2 

1 

— 

1 

_ 

mm 

1 

1 

_ 

1 

1 

14 

. 

26 

— 

2 

3 

— 

3 

.^ 

_ 

1 

_ 

1 

1 

— 

7 

_ 

27 
28 
29 

- 

2 

1 

1 

2 

- 

- 

1 
1 
2 

- 

- 

- 

- 

9 

8 
14 

- 

^ 

1 

1 

^ 

1 

_ 

_ 

I 

^ 

. 

30 

-> 

. 

. 

_ 

•• 

^ 

. 

« 

^ 

_ 

18 

_ 

81 

- 

. 

1 

^ 

1 

^ 

.. 

.. 

^ 

_ 

_ 

.m 

8 

_ 

32 

- 

- 

1 

— 

1 

- 

- 

— 

- 

- 

— 

- 

16 

- 

83 

— 

— 

— 

— 

_ 

a 

.. 

_ 

_ 

mm 

• 

— 

5 

. 

84 

_ 

m^ 

^ 

_ 

_ 

^ 

^^ 

_ 

^ 

_ 

. 

8 

^ 

85 
86 
87 
88 
89 

— 

— 

— 

- 

- 

- 

- 

- 

- 

- 

— 

2 

- 

- 

— 

- 

- 

- 

- 

- 

- 

- 

— 

- 

- 

- 

^ 

^ 

^^ 

^^ 

I 

i; 

I 

z 

. 

I 

40 

— 

_ 

m. 

_ 

_ 

^ 

^ 

•• 

. 

_ 

_ 

. 

_ 

45 

— 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

180 

148 

448 

1049 

1497 

99 

963 

1582 

648 

891 

1106 

888 

208 

56 

of  the  Fishery  Board  for  Scotland,. 
XI.— FLOUNDEK. 


255 


Col.         I.  Lochfyne, 
II. 
III. 
IV. 
V. 
VI. 
VII. 


5th  July  1901.     Puflh-net. 
10th  Sept.  1900. 
27th  March  1901. 
16th  April  1901. 
28rd  June  190a 
18th  July  1903. 
3l8t  Aug.  1901. 
VIII.  Dorooch  Firth,  25th  May  1901. 
IX.  Anxuui,  23rd  April  1900.    Shrimp-net. 

X.        ,,  24th  May  1900.  ,, 

XI.  Dornoch  Firth,  30th  March  1901    Otter-trawl. 


Cm. 

I. 

II. 

HI. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

Fern. 

Male. 

Total. 

1 

•5 

2 

•5 

8 

•5 

4 

•6 

6 

•5 

6 

•5 

7 

•5 

8 

•6 
9 

•6 
10 

•5 
11 

•5 
12 

•6 
13 

•5 
14 

•6 
16 

•5 
16 

•6 
17 

•6 
18 

•5 
19 

•6 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
86 
86 
87 
88 
89 
40 
41 
42 
46 

2 
2 

11 

3 
5 
5 
2 

1 
1 

• 

1 
1 

1 
1 
1 

1 

1 
i 

1 

1 

1 

1 
1 

2 

1 
1 

1 
1 

1 

1 
1 

1 

1 

1 

4 
6 
6 
6 

10 
8 
8 
8 
7 
7 
7 

11 
4 

16 

16 
7 
2 
1 
3 

4 

1 

I 

3 

1 
1 
3 
2 
1 
8 
1 
1 
1 
1 
1 
1 

1 
I 

4 
6 
6 
6 

10 
6 
8 
9 
8 

10 
9 

12 
7 

16 

16 
8 
8 
2 
4 

4 
2 

1 
1 

81 

17 

2 

8 

1 

8 

2 

6 

i     6 

^ 

U'w 

\  ^  \\»  N 
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3 

F>: 
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9 

\i 

1 

III-  .«^M«a«05J2r.BB«>n;;«B«n-  i-   i    1 

H 

a 

,  ,  .^     ,„^_»..2.,«.^««»««™_  ,_ ,  , 

3 

» 

"'    ,_„,^o,„.„o..-.- 

if 

¥ 

1 

"*"     '-'*''    Ir-.-- «-=.--    ,.-^11 

a 

s 

s 

t.- 

' «-!,-. 1 

a 

a 

oflhs  Fuhery  Board  for  Scotland. 

XIII.— LEMON  DAB. 

L  MorftT  Firth  kod  AlMrdMi 
It.  .. 

III.  TotaU  aM.  and  IL 

IV.  Ne«r  Fkt  We,  October  IWO. 

V.  A.bardMD  Btj,  8th  October  IMO. 
VI.  Slit  Ootobtr  uil  lat  NoTembor  IDOO. 

VII.  2aTdOotolMrl90a 

VIII.  Novembtr  1900. 


Cm. 

I. 

ir. 

III. 

,v. 

V. 

VI. 

VII. 

VIII.      1 

F. 

- 

F. 

u. 

•n. 

F. 

"• 

Tl. 

F. 

M. 

Tl. 

9 

■6 
11 

■6 
13 

•6 
18 

•6 
U 

•5 
16 

•5 

", 

17 
•6 
18 

■e 
w 

■6 

ao 
■s 
ai 

■6 
33 

■6 
2S 

■B 
34 

-s 

36 

•6 
3S 

« 
27 

■6 

as 

•8 
S9 

•6 
80 

■5 
81 

■B 
83 

■8 
38 

■B 
U 

■6 
S6 

•6 
SO 

■a 

"■> 

38 
■» 

12 

16 
10 

11 

17 
14 
14 
17 

2S 
12 
18 
11 

i 

3 
1 
3 

1 
3 

1 

7 
9 
12 
13 
12 

'J 

« 
6 

7 

7 
9 

6 
B 

7 
3 
4 
S 
3 
B 

1 
3 
E 
4 
8 

I 

S 

2 
2 

2 

2 
5 
2 
2 

i 

1 

3 

3 
3 

1 
S 
9 
8 
10 
11 
18 
24 
20 
S 
IB 
14 
23 
16 
19 
9 
IB 
10 
11 
11 
6 
11 
9 
6 
5 
8 
G 
6 
S 
7 

12 

7 
7 

e 

7 
8 
11 

9 
4 
« 
7 

as 

28 
14 

17 
11 

10 

i 

1 

i 
1 

i 

i 

I 

i 

- 

i 
T 

1 
- 
I 

z 

1 

1 

j 
1 

1 
2 

3 

i 

I 

i 

i 

\ 

i 
1 

- 

1 

? 

I 

i 

1 

2 

2 
4 

1 

1 

1 

1 

1 

i 

I 

1 
I 

i 

1 

a 

i 

I 

1 

i 

1 

1 

1 
I 

2 

a 
a 

2 

1 

3 

I 

\ 

\ 

i 

i 

! 

1 

- 

I 

Pari  TJI. — Tweniy~fonrth  Anniud  Jtepon 
XIII.— LEHON  DA3-tmUi»med. 


Cm. 

I. 

11, 

HI, 

rv". 

VI, 

VII. 

■   VIII. 

V. 

Tl. 

U. 

F. 

Tl. 

M. 

F, 

Tl. 

M. 

'■ 

Tl. 

se 

■6 
'  40 

■i 
41 

■6 
42 

■6 
48 

■B 

■6 
45 
■6 

4e 

■6 
47 
■6 

15 

7 
10 

1 
1 

1 
1 

lf> 
8 

11 
3 

3 
b 
8 
2 

1 

a 

2 

- 
14 

; 

I 

: 

412 

227 

WS 

18. 

» 

i 

18 

S 

so 

18 

la 

30 

a 

1 

3 

XIV,— LEMOK  DAB. 


.  Alienlucn  Buy,  6th  Juno  1901. 
30tb  July  1901. 
Slat  July  1001. 
2Ut  August  1901, 
10th  September  1901. 
ZBthMovemherlSOl. 
17th  DMualwr  1901. 
>t  Forth,  III.,  Haj  ISOl. 


XVll.  Firth  of  Forth,  III,,  aSrd  July  1901. 
XVIII.  „  v.,  24tb  Jiilv  1901. 

XIX,  5,  v.,  Aiipist  1901. 

XX.  Smith  Bank,  Moniv  Pirtb,  23rd  Oct  IMI. 
XXI.  „  ,.  8th  Not.  1901. 

XXII.  „  „  27tb  Dbo.  1901. 

XXni.  Domoch  Krth.       „  22i.d  Oct.  1908. 


Uiii. 

^ 

> 

a 

XVI. 

g 

s  :^ 

13 

m' 

i 

>i 

2 

ti 

« 

= 

1 

1 

» 

1 

B 

■S 
10 

■5 
11 

•6 
12 

■5 
13 

■5 
14 

■B 
16 

■r. 
la 

■6 

17 

■5 
13 

■6 
19 

■6 

« 

I 

•i 

1 

2 

1 
1 

1 
1 
1 

1 

1 
1 

a 

4 

1 
I 

1 
1 

1 

': 

- 

1 
1 

a 

1 
4 

2 

4 

B 
1 

1 

1 

2 

1 

2 

3 

1 
1 
3 

1  1 

a 

a 
-  ;  a 

i 
3 

a 

3 
S 

1 

1 
J 

o/  tkt  Fishery  Soardfor  Scotland. 
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XVI. 
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M 

«■ 

M 

P 

K 

£ 
»< 

s» 
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> 

a 

£3 

p 

'i 

^' 
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i 

K 

s 

m 

SO 
■6 

I 
1 

7 

- 

. 

a 

a 

2 

21 

n 

1 

21 

- 

b 

a 
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- 

_ 
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1 

1« 

■B 

1 

■fi 

a 

1 

SB 

18 

37 
■6 

1 

3 

1 

- 

- 

■6 

^ 

1 
1 

- 

■5 

3 

1 

ao 

■s 

■i 

1 

SI 

4 

1 

32 

i 

1 

- 

- 

- 

33 
■6 

1 

1 

1 

' 

- 

- 

U 

1 

1 

■5 

4 

■6 

1 
f 

1 

- 

- 

: 

- 

36 

:t 

S7 

4 

1 

38 

6 

1 

- 

- 

1 

■': 

1 

■5 

; 

40 

- 

- 

- 

- 

- 

- 

« 

•5 

3 

- 

- 

- 

- 

: 

- 

- 

42 

■s 

1 

- 

- 

- 

- 

43 

- 

I 

- 

- 

- 

44 

i 

■i 

4t 

- 

■5 

I 

: 
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: 

10 

8S 

9 

118 

10 

fi 
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« 

18 

IS 

88 

37 

i 

35 

30 

16 

IS 

8 
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XV.— LEMON   DAB. 

Col.      XXIV.  Dornoch  Firth,  Moray  Firth,  11th  NoYerober  1901. 
XXV.  Off  Lybater,  „  22nd        „         1908. 

XXVI.  Firth  of  Clyde,  5th  September  1899. 
.,      XXVII.  „  4th  October  1899. 

„    XXVIir.  „  5th 


»» 


)f 


If 


t» 


• 

XXXVI. 

• 

XXVIII. 

Cni. 

> 
X 

• 

>< 

X 

Fern. 

Male. 

t 

Total. 

X 

Fern. 

Male. 

t 

Totol. 

8 

•6 

^ 

^ 

_ 

^ 

,. 

^ 

1 

_ 

_ 

. 

^ 

9 

^ 

_ 

_ 

a. 

^ 

_ 

_ 

*. 

_ 

_ 

•5 

_ 

. 

^ 

_ 

^ 

^ 

2 

_ 

.. 

•. 

_ 

10 

— 

— 

_ 

. 

.. 

.. 

— 

~ 

« 

>■ 

— 

•5 

— 

— 

— 

. 

_ 

— 

— 

— 

«. 

— 

— 

11 

- 

~ 

— 

. 

1 

1 

— 

-. 

^ 

— 

— 

•5 

_ 

_ 

. 

^ 

1 

1 

— 

_ 

^ 

_ 

_ 

12 

- 

— 

1 

. 

1 

2 

2 

— 

.. 

— 

— 

•5 

- 

~- 

1 

1 

. 

2 

— 

- 

1 

.. 

1 

13 

- 

— 

2 

2 

1 

5 

— 

— 

3 

— 

8 

•5 

— 

— 

6 

3 

2 

11 

2 

— 

1 

1 

2 

14 

— 

- 

2 

2 

^ 

4 

— 

2 

4 

— 

6 

•5 

1 

-. 

1 

1 

1 

3 

— 

2 

_ 

1 

3 

15 

— 

— 

5 

. 

_ 

5 

— 

— 

2 

— 

2 

•6 

1 

— 

2 

1 

1 

4 

— 

_ 

1 

~ 

1 

16 

1 

— 

6 

3 

» 

9 

— 

1 

4 

1 

6 

•5 

2 

— 

5 

2 

■^ 

7 

— 

2 

_ 

1 

8 

17 

— 

— 

7 

^ 

. 

7 

— 

1 

— 

— 

1 

•6 

— 

— 

1 

1 

— 

2 

— 

2 

1 

_ 

8 

18 

1 

— 

2 

•« 

_ 

2 

— 

3 

_ 

— 

8 

•5 

- 

— 

. 

1 

— 

1 

— 

8 

1 

~ 

4 

19 

— 

— 

_ 

^ 

^ 

— 

~ 

4 

.. 

— 

4 

•5 

— 

— 

^ 

^ 

-* 

^ 

>. 

. 

^ 

_ 

. 

20 

1 

- 

2 

-  1  1 

3 

— 

• 

1 

_ 

1 

•6 

— 

. 

^ 

., 

— 

-. 

«. 

^ 

_ 

21 

— 

2 

1 

. 

3 

— 

1 

^ 

_ 

1 

•5 

_ 

. 

•« 

.. 

., 

— 

.M 

.  _ 

_ 

. 

22 

— 

_ 

.. 

^ 

^ 

— 

. 

.. 

.. 

_ 

•5 

_ 

— 

^ 

1 

^ 

1 

— 

_ 

_ 

— 

_ 

23 

•- 

— 

— 

1 

.. 

1 

— 

— 

— 

— 

— 

•5 

- 

— 

. 

.. 

_ 

_ 

- 

1 

.. 

_ 

1 

24 

— 

— 

— 

^ 

_ 

— 

- 

-. 

1 

— 

1 

•5 

- 

- 

— 

«. 

_ 

_ 

— 

1 

^ 

.. 

1 

25 

— 

- 

— 

^ 

_ 

_ 

— 

^ 

.. 

— 

- 

•5 
26 
•5 

- 

— 

1 

- 

— 

1 

- 

- 

1 

— 

1 

_. 

.^ 

1 

1 

^ 

. 

27 
•5 

— 

— 

- 

- 

— 

- 

— 

— 

— 

28 

•5 
29 

•5 

- 

^ 

1 

— 

— 

1 

^" 

— 

— 

- 

* 

.. 

1 

1 

1 

I 

30 

- 

1 

- 

a. 

^ 

— 

•1. 

^ 

«. 

_ 

•5 

- 

— 

—. 

^ 

V 

.. 

— 

_ 

.. 

_ 

— 

31 

- 

1 

.. 

.. 

__ 

.. 

— 

.. 

.. 

._ 

_ 

•5 

-- 

1 

_ 

_ 

— 

«. 

— 

_ 

«- 

— 

— 

32 

— 

— 

1 

.. 

^ 

1 

— 

_ 

.. 

_. 

_ 

•5 
33 
•5 

- 

- 

— 

— 

— 

- 

- 

- 

— 

— 

I 

I 

^^ 

I 

I 

_ 

84 

— 

_ 

^ 

_ 

... 

— 

^ 

... 

*. 

_ 

•5 
35 
•5 

— 

— 

— 

— 

— 

— 

- 

— 

— 

- 

— 

_ . 

J 

I 

I 

_ 

36 

— 

— 

.. 

_ 

_ 

^ 

_ 

_ 

^ 

^ 

^ 

•6 

— 

— 

_ 

_ 

_ 

_ 

— 

.. 

.. 

^ 

_ 

37 

-■ 

_ 

.. 

_ 

« 

— 

.. 

. 

^ 

_ 

•6 
88 
•5 

— 

1 
1 

- 

— 

- 

- 

— 

— 

— 

— 

— 

— 

— 

— 

9 

— 

— 

— 

— 

- 

— 

7 

5 

50 

20 

79 

7 

23 

21 

4 

48 

of  the  Fithtry  Board  fir  Seottand. 


s 

S 

1 

'"-SS" ' ' 

"^Sg£SB8S£SSSS83S5g3SSiS=-"-''"'  ' -—-  '  "^  ' 

1  ' 

- 

""82- ■  ' 

1 

"-ssssaasBsssssis— • '"— 

1 



-»3SS5aS-25lisSSSSSg==»£:=— =—  ' '  '  -  ' 

ii 

n 

IS 

1 

1— BH-" 

■2ss^a2E3"SB3ass=a2ssa— '="■""  ' "  ' 

- 

1— Sg—  1 

1 

ssas"' — "'-^-w»o«-  , «-  ,  ,  -  ,  ,  ,  , .- ,  1  . .--  ,  ^e. . 

1 

'"2BS3S=2"-"2;:2SSi=:S332n=''""""=' 

g 
1  § 

1 

'"SKa-    ' 

"2SK8Sr.a=2-=5-S-S-'-S— •»-"="• 

- 

-sKa-' 

,   .-.SS53-.— ~-.-S-»-2---"."--'--- 

1 

"SaS3B2"-"""- ' 

1 

"  '"na532s"  '- 

,-.-._,,, 

'~sss5ss»'»2saS5a:s2ss-=-°""»-"' '  ■-■  ■ 

1 

1 

1 

1 

i 

1 

"""'-'"' — 2aasssass32s2s— "-  ■•>-'•••<■ 

1 

-"- *22''223SS2'"" — ~ 

i 

M, ..««-.„^oj-jj„.a«^o««0O_„,«-    ,«- 

i 

a 
^ 

,.„.„».„.„„„„,.„ — 

1 
1 

"1 

—-'-=»"■- - 

1 

^ 

«««„,«„^„„,  „,„,„„.  «««..«. 

-s  =  s2i22Gsaaa?i'a-?.'a 

II 


262 


Part  III. — TtoerUy-fourth  Annual  Repcrt 


XVII.— TURBOT. 


Col.        I.  Aberdeen  Bay,  18tk  September  1901.    Pusb-net  on  beacb. 
II.  Annan,  27th  November  1900.    Shrimp-net. 

III.  .,      28rd  April  1904.     Shrimp-net 

IV.  Montroee,  May  1891.    Stake-net. 
V.  „         June    „  „ 

VI.         „         July     „  ,, 

VII.  Aberdeen  Buy,  October  1901.    Small-meahed  net 
VIII.  Burghead  Bay,  Moray  Firth,  9th,  10th  November  1903. 
IX.  ,,  „  ,,  26th  December  1903. 

X.  „  „  „  2l8t,  29th  November  1904. 

XI.  „  „  „  6th,  12th  December  1904. 

XII.  Totals  of  X.  and  XL 
XIII.  Buii^head  Bay,  Moray  Firth,  6th,  7th  February  1905. 
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XVII.— TURBOT-co»*iiik«rf. 
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Part  Ilt.-'TvmUy-fowih  AimtvM  Report 

XVIII— BRILL. 

I.  AberdMD  Baj,  18tb  Saptsmber  IMl.    Piuh-nst  od  btMh. 
11.  Addui,  80tb  April  1900.    Shrimp-nat. 

III.  HontroM,  M>r.    Stake-iMta. 

IV.  „        Jan.. 

V.  Joly.  ,, 

VI,  BuTKhnd  B>T,  Moray  Firth,  Mb,  lOtta  Norember  1003. 

Vll 2Sth,  26th  D»L-«nib(ir  ,, 

VIII.  „  „  „  airt-27th  NoTombor  liW. 

IX.  „  „  „  eth-12tl]  Doranbor  IBM. 

X.  l^teli  of  VIII.  SDil  lit. 

XI.  BoTEhnd  Bkv,  Hon*  Firtb,  6th  and  7th  Febm&ry  ltXI6. 
Xll.  Uomoch  Firth,  „  Wh  Nirembar  ISOl. 

XIU.  „  „  tOth,  11th  Norambar  IMS. 

XIT.  „  „  2Stb,  26th  DacMnbar     „ 

XV.  Abardaen  Vmy,  6tb,  7tb  Juns  IMl. 
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Part  III. — TweiUy-fownh  inntio/  Report 


XIX.— OOD— ABERDEEN   BAY. 


CoL      1.  IGth  Jauuaty  1901. 

11.  llth  Fobroarv  1M6. 

III.  !9th  Much  1905. 

IV.  13th  May  1902. 
V.  13th  Juna  1901. 

VI.  'JSth  June  1901. 

VII.  SOtb  July  1001. 

VIII.  31st  July  1901. 


IX. 


r'll,    B 


__.  JKustl901. 

XI.  Srd  Seiitembei  1901. 

XII.  4th  ScplemboT  1901. 

XIII.  4th  8«ptum1>er  1901. 

XIV.  4th  September  leOI. 


XV. 

XII. -XIV.  combined. 

XVI. 

10th  September  1901. 

XVII, 

ISth  October  1901. 

XVI 11. 
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Part  IlL—tmnty-fowA  Anmual  Itaport 


XX.— COD. 


22nd  October  1903. 

Mh,  lOtbNoTomberlKI. 
12tb  November  1903. 

7Ui  Deeembar  1904. 
leth  December  leOl. 


Surra  Bank— emttuvoi. 
Cot.  in.      8th  NoTember  1901. 
..      IV.    27tta  December  1903. 
Bdrohiad  It  at. 
Col.       1.       7th  September  IWl. 
„       II.     20Ui  October  1903. 
„     III       Sth  December  1904. 
„     IV,    20-26th  December  1901. 
„      V.    29th  December  1903. 
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Smith  Bink. 
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XXI.— COD. 


Col. 


»» 


Cromabtt  Firth. 
7th  January  1901. 

Sinclair  Bat. 
4th  June  1901. 

Off  Ltbster. 

I.    22iid  October  1903. 
II.      8th  November  1901. 


Col. 


n 


Off  Dunbbath. 

1.    17th  January  1902. 
II.  k  III.  18th  January  1902. 
IV.    I.-III.  combined. 


Col. 


Firth  of  Forth. 

I.-  Station  III.  18-16th  May  1901. 
II.  „  28rd  July  1901. 

III.  ,,  22nd  Auguit  1901. 

I  v.— Station  V.    16th  August  1901. 

Off  Shetland. 
19-22nd  May  1901. 
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XXII.— HADDOCK. 


.  IGth  January  1902.    ( Doghole)  &7  fms. 

..  :ath  MarcU  190!i. 

.  13th  May  1902.     (Doghola)  56  fmi. 
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XXIIl.— WHITING. 


Vbkrdikh  Bat, 
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XXIV.— GURNARD. 


AuBiniN  Bat. 

CoV       t.     llthFebnii 


-  iramrjlVK. 

II.  SOth  M>]r  1901. 

III.  ISth  June  1901. 

IV.  Sth  Jul;  1901. 
V.  SOtn  JuV  ISOl. 

VI.  31«  July  1901. 

VII.  lit  Septembu  1904. 

VIII.  4th  Snitembar  1901. 

IX.  20Ui  S«pt0mlMr  1900. 

X.  ISUi  Ootober  1900. 

XI.  Stli  Octobtr  1901. 

XIl.  Slit  October  1904. 

XIII.  ath  Nonmber  1901. 

XIV.  17th  Derambw  1900. 
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XXV.— GURNARD. 


Col.     I.    Set 
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.  -^Oth  October  1903. 
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IX.- NOTES  ON  NEW  AND  RARE  COPEPODA  FROM  THE 

SCOTTISH  SEAS. 

By  Thomas  Scott,  LL.D.,  F.L.S.,  Mem.  See.  Zool.  de  France. 

(Plate  XIV.) 


Preliminary  Note. 

The  following  are  a  few  notes  and  drawings  of  rare  Entomostraca  that 
have  been  held  over  from  previous  papers  on  Scottish  Crustacea,  published 
from  time  to  time  in  the  Reports  of  the  Fishery  Board  for  Scotland. 

I  am  indebted  to  my  son,  Mr.  Andrew  Scott,  A.L.S.,  for  the  drawings 
with  which  these  notes  are  illustrated. 

Qenus  AmphiascuSf  G.  O.  Sars  (1895). 

Amphiaseus  CatJiarincB,  T.  Scott,  sp.  n.     PL  xiv.,  figs.  1-9. 

Description  of  the  female: — Body  robust,  somewhat  similar 
to  Amphiaseus  minutiu  (Claus) ;  Rostrum  moderately  elongated 
(fig.   1) ;  length,  '74mm.  (^  of  an  inch). 

Anterior  antennae  slender,  reaching  to  about  the  end  of  the  cephalo- 
thoracic  segment,  and  composed  of  eight  joints ;  the  first,  fourth,  and  last 
joints  of  moderate  length,  the  others  small,  as  shown  by  the  formula  (see 
also  fig.  2). 

Proportional  length  of  the  jointa,        16 '18*9 'U   4 '7 '6 '1 
Numbers  of  the  joints,        -        -        1     2    8    4     5   6   7  8 

Posterior  antennae  stout,  two-jointed,  and  furnished  with  a  moderately 
elongated  and  three-jointed  outer  ramus  (fig.  3). 

Mandibles  tolerably  stout,  apex  trnncated  and  armed  with  several  teeth 
of  unequal  length ;  palp  well  developed,  basal  part  moderately  stout  and 
setiferous,  and  provided  with  two  small  branches,  as  shown  in  the 
drawing  (^g,  4). 

Second  maxillipeds  small,  second  joint  moderately  narrow  and  fringed 
with  minute  setae ;  the  end  joint  very  small  but  armed  with  a  tolerably 
large  terminal  claw  (fig.  5). 

First  pair  of  thoracic  legs  slender,  both  branches  triarticulate,  inner 
branch  with  first  joint  narrow,  considerably  elongated,  and  apparently 
with  only  a  few  minute  setae  near  the  proximal  end  of  the  inner  margin 
and  a  small  hair  near  its  distal  extremity  ;  the  two  end  joints  very  short 
and  armed  with  a  stout  terminal  claw  and  a  tolerably  large  seta;  there  are 
also  a  few  smaller  setae,  as  shown  in  the  drawing.  Outer  branch  about 
two-thirds  the  length  of  the  first  joint  of  the  inner,  the  middle  joint  is 
rather  longer  than  the  first  and  fully  twice  as  long  as  the  third  ;  thcsf. 
joints  have  the  outer  margin  setiferous  and  are  also  furnished  with  long 
Q>ine6  on  the  outer  distal  angles  (fig.  6). 
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Both  branches  of  the  other  three  pairs  are  also  three-jointed,  elongated 
and  slender,  the  inner  branches  being  rather  shorter  than  the  outer,  as 
shown  in  the  drawing  which  represents  the  fourth  pair  (fig.  7). 

Fifth  pair  tolerably  large  and  foliaceous;  basal  joint  somewhat 
triangular  in  outline,  the  distal  half  of  the  inner  margin  which  slopes 
towards  the  apex  is  provided  with  three  stout  setse,  the  inner  margin  is 
nearly  straight  and  terminates  in  an  angle,  and  immediately  posterior  to 
this  angular  tooth  are  two  apical  setse,  which  are  separated  from  the 
lowermost  of  the  three  on  the  inner  margin  by  a  dustinct  hiatus^  as  in  the 
drawing.  Secondary  joint  subquadrangular,  its  width  being  equal  to 
nearly  two-thirds  of  the  length,  the  outer  and  inner  margins  are  nearly 
parallel  at  the  proximal  end,  but  they  taper  from  about  the  middle  of  the 
joint  towards  the  apex  and  there  are  three  setae  on  the  outer  margin,  one 
on  the  lower  inner  margin  and  two  on  the  apex,  as  shown  in  the  drawing 
(fig.  8). 

Furcal  joints  very  short  (fig.  9).  Principal  tail  setas  slender.  Two 
ovisacs.     Male  unknown. 

Hahitai. — Granton,  Firth  of  Forth ;  dredged  in  an  old  quarry  to  which 
the  tide  has  access.     Apparently  rare. 

Remarks. — In  some  respects  Amphiascus  Qaiherinm  comes  very  near 
Atnphiascue  (Dactylopw)  minutus,  Glaus.,  as  described  and  figured  by  G. 
O.  Sars,*  but  the  form  and  armature  of  the  fifth  pair  of  thoracic  feet  are 
totally  diflerent.  Other  but  less  obvious  differences  are  also  noticeable, 
as,  for  example,  in  the  form  and  armature  of  the  mandible-palp,  the 
armature  of  the  outer  aiid  inner  branches  of  the  fourth  pair  of  thoracic 
legs  and  in  the  hirsute  character  of  the  first  two  abdominal  segments. 
Unfortunately  I  have  been  unable  to  obtain  the  male  of  this  form,  but 
owing  to  the  differences  mentioned  I  prefer  meantime  to  regard  this  as  a 
distinct  form  from  A,  mintUus, 

Genus  Dactylopueia,  A.  M.  Norman  (1903). 
Dadylqpueia  brevicornis  (Glaus).     PI.  xiv.,  figs.  10-18. 

1866.     Dadylopus  brevicomis,  Glaus.,  Die  Gopepoden-fauna  von 
Nizza,  p.  29,  Taf .  iii.,  figs.  20-25. 

1906,     Dadyloptieta  hrevicomia,  G.  0.  Sars,  Grust.  of  Norway, 
vol.  v.,  p.  130,  pi.  Ixxx. 

The  female  of  this  species,  like  that  of  some  others  of  the  same  group, 
has  the  cephalothorax  depressed  and  broadly  ovate,  but  the  abdomen  is 
comparatively  narrow  (fig.  10).  Bostrum  short,  with  a  broadly  rounded 
apex.     Length  '77mm.  (^  of  an  inch). 

Anterior  antennae  composed  of  five  joints,  very  short  and  stout ;  the 
first  three  are  more  robust  than  the  remaining  two  joints,  the  end  joint  is 
fully  twice  as  long  as  the  penultimate  one  (fig.  11).  The  formula  shows 
the  proportional  lengths  of  the  various  joints  as  follows  : — 

Proportional  lengths  of  the  jolnta,      -    18  •  12  •  16  '  6  •  17 
Numbers  of  the  joints,       -        -        -12346 

Posterior  antennas  stout,  two-jointed,  with  a  short  three-jointed  outer 
ramus  (Bg.  12). 

Mandibles  stout,  with  an  obliquely  truncate  apex,  which  is  armed 
with  a  few  large  and  several  small  teeth.  Mandible  palp  with  a  dilated 
basal  part  bearing  two  very  short  uniarticulate  branches  (fig.  13). 

•  Crustactiaof  Norway,  rol.  ▼.,  p.  164,  pi.  xcvi.  (March  1906). 
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Second  maxillipeds  short,  stout,  with  a  strong  terminal  claw  (fig.  14). 

The  first  pair  of  thoracic  legs  stout,  both  branches  three-jointed ;  the 
first  joint  of  the  inner  branch  is  as  long  as  the  entire  outer  branch,  while 
the  second  and  third  joints  are  very  short;  a  long  plumose  seta  springs 
from  near  the  middle  of  the  inner  margin  of  the  first  joint,  but  the  outer 
margin  is  fringed  with  small  spines,  the  inner  branch  bears  two  strong, 
but  unequal,  terminal  claws;  the  first  and  second  joints  of  the  outer 
branch  are  subequal,  and  are  each  furnished  with  a  stout  elongated  spine 
near  the  outer  distal  angle,  the  second  joint  being  also  provided  with  a 
long  plumose  seta  on  the  inner  margin,  the  end  joint  is  tolerably  short 
and  is  armed  as  shown  in  the  drawing  ;  a  stout  spine  also  springs  from 
both  the  outer  and  inner  angles  of  the  second  basal  joint  (fig.  15). 

The  next  three  pairs  of  thoracic  legs  have  also  both  branches  three- 
jointed,  the  inner  being  the  shorter  one ;  both  branches  have  their  outer 
margins  fringed  with  spines.  In  the  fourth  pair  (fig  16.)  the  inner 
margin  of  the  first  joint  of  the  inner  branch  caaries  one  seta.  The  second 
two  setsB,  and  the  end  joint  four  setse.  A  short  spine  also  springs  from 
the  outer  distal  angle  of  the  third  joint. 

The  fifth  pair  foliaceous,  basal  joint  broadly  triangular,  with  a 
truncated  and  broadly  but  irregularly  rounded  apex  which  bears  five  stout 
sete  of  various  lengths.  Secondary  joint  broadly  subquadrangular,  proximal 
half  of  the  outer  margin  nearly  parallel  with  the  inner,  but  the  distal 
half  tapers  towards  the  apex  and  carries  three  setae,  other  three  setae 
spring  from  the  apex  and  lower  part  of  the  inner  margin  (fig.  17). 

Furcal  joints  very  short ;  the  inner  of  the  two  principal  tail  setae  with 
the  base  slightly  dilated  (fig.  18). 

Hahitai, — Collected  in  an  old  quarry,  open  to  the  sea,  at  Oranton, 
Firth  of  Forth. 

Remarks. — The  form  described  here  under  the  name  of  DactyloptiSfa 
brevicomiSf  Glaus,  undoubtedly  belongs  to  that  species.  The  drawings, 
though  only  now  published,  were  prepared  a  number  of  years  ago  from 
specimens  collected  in  an  old  quarry  at  Granton,  Firth  of  Forth,  to  which 
the  tide  has  access. 

The  abbreviated  length  and  massive  structure  of  the  antennules ;  the 
structure  of  the  mandibles,  the  stout  first  pair  of  thoracic  feet^  and  the 
form  of  the  fifth  pair  are  sufficiently  characteristic  of  this  particular  species. 

The  following  list  of  some  of  the  rare  and  interesting  species  that  have 
been  obtained  in  the  old  quarry  at  Granton  just  referred  to  may  be  of 
interest,  as  indicating  the  remarkable  variety  of  organisms  present  in  this 
small  body  of  water.     The  species  are  arranged  alphabetically : — 

Acartia  bijilosa,  Giesb. 
Ameira  longicattdata,  T.  Scott. 
Beatricella'mimica,  T.  Scott. 
CantJiocamptus  parvus,  T.  Scott. 
CaniLella  perplesca,  T.  and  A.  Scott. 
Cletodea  similiSy  T.  Scott. 
Dactylopuda  brevieomisj  (Glaus). 

JmmarchicuSy  (T.  Scott). 
vulgaris^  G.  O.  Sars. 
Eciinosoma  eurticome,  Boeck. 
Rnhydrosoma  incurvatum  (B.  &  R.). 
Euryte  longicauda,  Philippi. 
Halicy clops  cequoreus  (Fischer). 
Harpacticus  obscwiM,  T.  Scott. 
Idyafurcttta,  Baird. 
„     gracilis,  T.  Scott. 
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Idya  minor,  T.  Scott. 
Laophonte  curticauda,  Boeck. 

„         gracilis,  T.  Scott. 

„         hisptda,  B.  &  R. 

„        inopinata,  T.  Scott. 

„         intermedia,  T.  Scott. 

„         littorale,  T.  and  A.  Scott. 

„         longiremis,  T.  Scott. 

„         thoradca,  Boeck. 
Longipedia  Scotti,  G.  O.  Sara. 
NannopuB  pcUustris,  G.  S.  Brady. 
Parathalestris  hibemica  (Brady  &  Robertson) 
PlatychdipuLs  littoralis,  G.  S.  Brady. 
Pontopolites  typicus,  T.  Scott. 
^Pseudothaipstris  major,  T.  and  A.  Scott. 
Stephos  Scotti.  G.  O.  Sars. 
Tachidius  dicipes,  Giesb. 

„        littoralis,  Poppe. 
Zaus  ^naius,  Goodsir. 

GenuB  Pseudodiosaccus,  T.  Scott  (1906). 

Pswdodiosaccus  propinquus  (T.  and  A.  Scott).     PL  xiv.,  figs.  19-29. 

1893.  Diosaecus  propinquus,  T.  and  A.  Scott.  Ann.  and  Mag. 
Nat.  Hist.,  sev.  6,  vol.  xii.  (Oct.,  1893),  p.  237,  pi.  xi., 
figs.  1-6. 

1906.  Pseudodiosaccus  propinquus,  T.  Scott.  Ann.  and  Mag., 
May,  1906,  p.  465. 

This  species  was  obtained  in  the  Moray  Firth,  a  few  miles  to  the 
northward  of  Klnnaird  Head,  where  the  water  is  very  deep ;  the  parti- 
cular part  where  this  species  was  obtained  gave  a  sounding  of  130 
fathoms  (240  metres),  the  dredge  line  hanging  free,  and  straight  up  and 
down.  As  the  species  appears  to  be  rare,  and  as  the  number  of  drawings 
used  to  illustrate  the  description  were  only  sufiicient  for  its  identification, 
I  propose  to  supplement  the  original  description  with  some  additional 
remarks  and  drawings,  especially  as  it  has  been  considered  necessary  to 
remove  the  species  from  the  genus  to  which  it  was  first  ascribed. 

•  Vroiwtsor  G.  O.  Sars.  in  Vol.  V.  of  his  great  work  on  the  Crustacea  of  Norway,  at 
present  in  course  of  publication,  deals  with  what  is  proliably  the  roost  difiScult  as  well  as 
the  most  interesting  group  of  the  Copepoda,  viz.: — the  Harpacticoida.  In  this  volume, 
at  p.  14*2,  the  learutKl  autnor  is  inclined  to  regard  Pseudothalestria  major^  T.  and  A.  Scott, 
as  ideniical  with  WestKootiia  minvtay  Claus.  The  description  and  figures  of  this  form 
given  bv  Dr.  Claus  are  meagre— they  are  not  only  linSited  and  indefinite,  but  it  is  only 
the  male  that  he  describes.  On  the  other  hand,  Professor  Sars'  description  and  figures 
of  what  he  believes  to  be  the  female  of  Claus'  species  are  full  and  clear,  like  all  that 
author's  work,  and  they  no  doubt  show  a  certam  cIo£e  resemblance  to  the  female  of 
PsettdothalettrU  major.  But  there  is  at  least  one  point  where  an  important  difference 
occurs.  The  author  describes  the  antennules  of  the  female  as  composed  of  six  joints, 
whereas  those  of  the  female  of  Psetidothaiestns  major  are  eight-jointed,  the  first  four 
being  moderately  elongated  and  the  other  four  shorter.  There  appears  also  to  bo  some 
difference  in  the  structure  of  the  posterior  antennse. 

It  may  also  be  noted  that  the  same  author  makes  Pa&ttdot^uil^stris  Brady,  a  synonym 
of  Westwoodia,  Baird,  but  as  the  small  group  of  species  that  have  >>een  arranged  under 
the  genus  name  Pifitdothalestris  are  clearly  distinguishable  from  Wejttwoodia  by  the 
difference  in  the  structure  of  the  first  pair  of  thoracic  feet,  I  prefer  to  keep  them  separate 
under  the  genus  instituted  by  Dr.  Brady.  The  fact  that  all  the  species  belonging  to  the 
group  hitherto  arranged  together  imder  Pseydofha^estris  are  similarly  characterised  by 
the  pectiliarity  in  the  structure  of  the  first  pair  of  feet  that  distinguishes  them  from  the 
typical  Wettvoodia  is,  I  think,  a  valid  reason  for  keeping  them  separate  from  that  genua. 
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The  female  of  this  species,  as  already  described,  resembles  to  some 
extent  that  of  Diosaccm  tenuicornis^  Glaus,  in  its  general  appearance,  but 
is  probably  somewhat  larger.  It  measures  about  1mm.  (or  ^  of  an 
inch)  in  length,  exclusive  of  the  tail  setse  (fig.  19). 

The  antennules  (anterior  antennse)  are  moderately  elongated,  and  com- 
posed of  eight  joints;  the  first  four  joints  are  moderately  large,  and  are 
together  considerably  longer  than  the  entire  length  of  the  last  four.  The 
fifth  joint  is  little  more  than  half  the  length  of  the  preceding  one  and 
about  two-thirds  of  the  length  of  the  sixth  joint.  The  end  joint  is  about 
equal  in  length  to  the  fifth,  but  the  penultimate  one  is  considerably 
shorter,  as  shown  in  the  drawing  (fig.  20). 

The  outer  and  inner  rami  of  the  posterior  antennse  are  both  of  them 
biarticulate.  The  outer  ramus,  which  has  the  joints  subequal,  is  short, 
and  furnished  with  about  three  short  setee.  The  inner  ramus  is  moder- 
ately stout  (fig.  21). 

The  mandibles  are  stout,  and  possess  a  broad  and  somewhat  obliquely 
truncated  biting  edge,  which  is  irregularly  but  distinctly  dentated. 
Mandible  palp  of  moderate  size,  and  provided  with  a  single  terminal  uni- 
articulate  branch  (fig.  22). 

The  maxillse  are  moderately  stout  and  compact,  and  the  masticatory 
lobe,  which  is  short,  and  obliquely  truncated,  is  armed  with  a  number  of 
tolerably  strong  spines  of  varying  lengths;  the  palp  is  fairly  well 
developed  (fig.  23),  and  consists  of  several  lobe-like  processes  as  shown. 

Second  maxillipeds  robust,  and  armed  with  a  stout  elongated  terminal 
claw  (fig.  24). 

The  first  pair  of  thoracic  legs  have  both  branches  three-jointed;  the 
first  joint  of  the  inner  branch  is  considerably  elongated,  but  *the  second 
and  third  are  very  short  and  subequal,  and  the  end  one  is  armed  with 
two  terminal  claw-like  spines,  one  being  moderately  long  and  one  short; 
a  small  seta  also  springs  from  near  the  distal  end  of  the  inner  margin  of 
the  first  joint.  The  outer  branch  is  little  more  than  half  the  length  of 
the  inner  one;  the  first  two  joints  are  subequal,  but  the  third  is  short,  and 
furnished  with  several  spiniform  setSB,  as  shown  in  the  drawing  (fig.  25). 
The  second  and  third  pairs,  which  have  also  both  branches  three- 
jointed,  are  moderately  stout,  and  the  outer  and  inner  branches  are  of 
nearly  equal  length.  In  the  second  pair  the  first  joint  of  the  inner  branch 
is  rather  shorter  than  the  second,  and  it  carries  a  single  seta  on  the  inner 
margin ;  the  second  joint  carries  three  setse,  and  the  end  joint  one  seta,  on 
the  inner  margin  ;  the  end  joint  is  also  provided  with  three  terminal  setae, 
but  the  outer  one  is  short.  The  outer  branch  has  the  end  joint  rather 
longer  than  the  preceding  one,  and  furnished  with  two  elongated  setaB  on 
the  inner  margin,  two  moderately  long  spines  on  the  outer  margin,  and 
three  apical  setas  of  different  lengths;  the  first  and  second  joints  are  each 
furnished  with  a  moderately  long  spine  on  the  outer  distal  angle,  and  an 
elongated  seta  on  the  inner  margin  (fig.  26). 

In  the  fourth  pair  the  outer  branch  resembles  that  of  the  second  pair 
in  stoutness  and  armature,  but  the  inner  branch  is  slender  and  short,  and 
composed  of  only  two  joints;  the  first  joint,  which  is  narrow  and  shorter 
than  the  second,  bears  a  seta  on  the  inner  margin;  the  second  joint 
scarcely  reaches  beyond  the  end  of  the  middle  joint  of  the  outer  branch, 
and  carries  five  setae  round  its  distal  extremity  (fig.  27). 

In  the  fifth  pair  the  outer  and  inner  margins  of  the  basal  joint  are 
nearly  parallel ;  the  distal  end  is  obliquely  truncated  and  slightly  convex, 
and  bears  four  moderately  long  marginal  set»,  so  arranged  as  to  be  nearly 
equidistant  from  each  other.  The  secondary  joint  is  broadly  oval  in  out- 
line, and  extends   considerably  beyond   the  end  of   the  basal  joint;  it 
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ia  provided  with  six  setae,  which  are  arranged  as  follows: — One  small  seta 
on  the  upper  half  and  another  on  the  lower  half  of  the  outer  margin  and 
situated  considerably  apart,  and  four  seta  round  the  distal  extremity;  the 
outermost  and  innermost  seta  is  moderately  large  and  plumose,  but  the 
two  intermediate  ones  are  small  and  close  together  (fig.  28) 

Furcal  joints  as  long  as  the  last  abdominal  segment  (fig.  29).  Ovisacs 
two.     Only  three  specimens — all  females — were  obtained. 

Remarks. — ^This  species,  as  already  stated,  has  some  resemblance  to 
Dtoaaccus  tenuicomis,  Glaus,  but  the  structure  and  armature  of  the 
mandibles,  maxillte,  and  fourth  pair  of  thoracic  legs  are  so  distinctly 
different  that  though  the  species  was  at  first  ascribed  to  that  genus  it 
cannot  be  retained  there,  and  a  new  genus,  Pseudodiosaccuiy  has  therefore 
been  instituted  for  its  reception,  as  indicated  above.  This  genus  appears 
to  partake  of  the  characters  of  both  Diosaccus  and  AmphiascuSf  but  in  the 
structure  of  the  fourth  pair  of  thoracic  legs  it  agrees  with  neither  of  these 
two  genera. 

It  resembles  Diosaccus  in  the  structure  of  the  posterior  antennas,  of  the 
mandible  palp,  and  to  some  extent  in  the  structure  of  the  £rst  and  fifth 
pairs  of  thoracic  legs;  while  in  the  maxillae,  second  maxiUipeds,  and  the 
second  and  third  pairs  of  legs  it  resembles  Amphiaseus, 

PLATE  XIV. 

Amphifuctu  CcUharintP^  T.  Scott. 

Fig.  1.  Female,  side  view. 

Fig.  2.  Antennulo. 

Fig.  3.  Antenna. 

Fig.  4.  Mandible. 

Fig.  5.  Posterior  foot  jaw. 

Fig.  6.  Foot  of  first  mir. 

Fig.  7.  Foot  of  fourth  pair. 

Fig.  8.  Foot  of  fifth  pair. 

Fig.  9.  Abdomen  ana  furcal  joints. 

DcKtylopusia  brevicomis,  Claui. 

Fig.  10.  Female,  dorsal  view. 

Fig.  11.  Antennule. 

Fig.  12.  Antenna, 

Fig.  13.  Mandible. 

Fig.  14.  Posterior  foot- jaw. 

Fig.  15.  Foot  of  first  pair, 

Fig.  16.  Foot  of  fourth  pair. 

Fig.  17.  Foot  of  6fth  pair. 

Fig.  18.  Abdomen  ana  furoal  joints. 

PseudodioMKeus  2*ropinqwi8t  T.  Soott. 

Fig.  19.  Female,  side  view. 

Fig.  20.  Antennule. 

Fig.  21.  Antenna. 

Fig.  22.  Mandible. 

Fig.  23.  Maxilla. 

Fig.  24.  Posterior  foot-jaw. 

Fig.  25.  Foot  of  first  pair. 

Fig.  26.  Foot  of  second  pair. 

Fig.  27.  Foot  of  fourth  pair. 

Fig.  28.  Foot  of  fifth  pair. 

Fig.  29.  Abdomen  ana  caudal  furca. 
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X.  -ON  THE  SPAWNING  AND  FECUNDITY  OF  THE  PLAICE 
(P  LEU  RON  BOTES  PL  AT  ESS  A).  By  T.  Wbmyss  Fulton, 
M.D.,  F.R.S.E.,  Superintendent  of  Scientific  Investigations. 


Tlie  spawning  period  of  the  plaice  has  been  very  well  determined  for 
various  parts  of  the  North  Sea.  On  the  east  coast  of  Scotland  it  extends 
from  the  end  of  December  in  some  years,  but  more  usually  from  the  early 
part  or  middle  of  January,  to  the  early  part  or  middle  of  May,  the  chief 
spawning  taking  place  in  March. 

The  records  of  the  Marine  Hatchery  at  Aberdeen  furnish  some  details 
of  interest  as  to  the  length  of  the  spawning  season  and  the  intensity  of 
spawning  in  the  various  months.  Thus  last  year  eggs  were  obtained  from 
the  spawning  pond  for  117  days,  from  20th  January  till  16th  May.  The 
number  of  eggs  obtained  in  the  various  months  during  the  last  three 
years,  and  the  percentages  of  the  total,  are  as  follows : — 


60 


Number  of 
Eggs. 

Percentage. 

January, 
February, 
March,    . 
April,     , 
May,       . 

1,980,000 
31,402,000 
78,595,000 
31,911,000 

1,762,000 

1-5 
22-3 
53-5 
21-3 

1-2 

40 


20 


Jon.     Feb. 


_J I ^_ 

Mar.      Apr    May 


Fig.  1. 

The  curve  (Fig.  1)  formed  by  these  figures  is  very  regular,  and,  as  will 
bo  seen,  the  spawning  is  at  its  height  about  the  middle  of  March. 

It  has  not  yet  been  shown,  however,  over  what  part  of  the  period  a  single 
female  continues  to  discharge  her  eggs.  It  is  well  known  that  most  or  all 
fishes  prodacing  isolated  pelagic  eggs  do  not  get  rid  of  them  at  once. 
They  are  spawned  in  relatively  small  quantities  at  a  time  and  over  a 
longer  or  shorter  period.  As  I  have  elsewhere  shown,*  this  is  a  physical 
necessity,  since  a  female  cannot  hold  all  the  eggs  at  the  size  they  possess 
when  mature,  and  they  must  ripen  gradually  and  in  succession. 

It  was  in  order  to  determine  the  duration  of  the  spawning  in  a  single 
female,  and  some  other  points  in  connection  with  spawning,  that  the 
following  experiments  were  chiefly  made.  But  another  object  I  had  in 
view  was  to  ascertain  the  number  of  eggs  actually  shed  into  the  water, 
i.0.,  the  real  fecundity.     This  has  been  approximately  determined  for  the 

♦  "The  Ck)mparativo  Fecundity  of  Sea  Pishes,"  NiiUk  AnnwiX  Rq>ort,  Part  III.j 
p.  242 ;  •*  On  the  Growth  and  Maturation  of  the  Ovarian  Fjggn  of  Teleontean  Finhos,* 
fih'xtMith,  Ibid.,  p.  88. 
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plaice  already  in  one  of  the  papers  above  alluded  to,  but  by  a  different 
method,  viz.,  by  counting  the  eggs  in  a  given  portion  of  the  ovary  after 
the  death  of  the  fish,  and  then  computing  the  total  numbers. 

The  experiment  consisted  in  keeping  two  female  plaice,  which  were 
nearly  ready  to  spawn,  in  separate  tanks,  with  one  or  more  mature  males 
with  each  of  them,  until  spawning  was  quite  concluded ;  to  collect  all  the 
eggs  daUy  and  ascertain  their  numbers. 

The  tanks  in  which  the  experiments  were  made  are  similar  in  all 
respects.  Each  is  6  feet  4  inches,  in  length,  4  feet  3  inches  in  breadth, 
and  3  feet  6  inches  high,  and  the  water  was  kept  at  a  level  of  28  inches 
throughout  the  period.  The  quantity  of  water  was  thus  about  62  cubic 
feet,  or  385  gallons  (1749  litres).  The  flow  through  it  amounted  to  about 
80  gallons  per  hour.  The  glass  front  of  the  tank  was  covered  over  with 
an  old  sail,  and  light  was  admitted  from  the  top,  but  it  was  not  very 
strong.  The  water  entering  the  tanks  was  filtered  through  close  and 
thick  flannel  to  obviate  the  chance  of  eggs  getting  into  them  in  that  way  ; 
and  no  other  fish  or  organisms  were  in  the  tanks — nothing  but  the  plaice. 

The  overflow  from  each  tank  was  carried  into  two  boxes,  each  about  a 
foot  square,  the  bottoms  of  which  were  covered  with  fine  silk-netting,  so 
that  all  eggs  might  be  retained ;  these  were  partly  immersed  in  order  to 
keep  the  eggs  living,  and  the  water  passed  from  one  of  the  boxes  into  the 
other,  being  thus  twice  filtered,  an  arrangement  adopted  lest  the  fine 
apertures  in  the  silk  gauze  in  the  first  box  should  get  clogged  up  during 
the  night. 

The  method  of  dealing  with  the  eggs  was  as  follows : — Each  collection, 
daily,  or,  usually,  twice  a  day,  was  preserved  in  sea-water  with  a  little 
formaline.  The  eggs  were  then  strained  off  and  spread  on  blotting  paper, 
and  as  much  of  the  water  and  moisture  as  possible  removed.  They  were 
then  added  to  a  long  burette,  graduated  to  tenths  of  a  cubic  centimetre, 
in  which  a  certain  measured  quantity  of  water  had  been  placed.  The 
difference  between  the  readings  before  and  after  the  eggs  were  introduced 
gave  the  volume  of  the  eggs  in  cubic  centimetres.  Some  were  also 
weighed  on  a  Sartorius  balance.  A  portion  of  the  eggs  in  each  collection 
were  treated  in  a  similar  way  and,  after  the  volume  had  been  determined, 
were  counted.  The  number  of  eggs  per  cubic  centimetre,  and  the 
total  quantity  of  eggs  in  the  collection,  were  thus  estimated. 

Two  suitable  female  plaice  were  selected  from  those  in  the  spawning 
pond  (used  in  connection  with  the  hatchery),  i.e.,  which  had  swollen 
ovaries  and  obviously  would  soon  spawn,  but  which  contained  no  ripe  eggs. 
This  was  ascertained  by  pressure  in  the  ordinary  way.  On  the  other 
hand,  males  were  taken  from  which  spermatic  fluid  was  already  oozing,  in 
order  to  provide  that  the  eggs  should  be  fertilised,  and  to  furnish  such 
psychological  stimulus  to  the  female  as  might  be  necessary  and  natural. 

On  the  19th  February  the  following  plaice  were  put  into  the  tanks : — 
In  No.  5  a  female  measuring  47cm.  (18|  inches)  and  weighing  1324 
grammes  (2  lbs.  14|  ounces),  and  a  male  of  43cm.  (17  inches)  and  weigh- 
ing 842  grammes  (1  lb.  13|  ounces).  In  tank  No.  2  the  female  measured 
46'5cm.  (18|  inche.s)  and  weighed  1536  grammes  (3  lbs.  6|  ounces),  and 
was  thus  heavier  than  the  other.  Two  males  were  put  in  with  her, 
measuring  respectively  38*6cm.  and  40cra. 

In  the  course  of  the  experiment,  when  a  pause  occurred  in  spawning, 
the  males  were  sometimes  replaced  by  fresh  ones  taken  from  the  pond,  as 
mentioned  later. 

No  eggs  were  obtained  from  either  tank  until  19th  March.  During  the 
interval  the  males  and  females  lay  quiet  in  a  corner  of  the  tank.  In  No. 
5,  for  example,  the  female  lay  with  her  snout  as  far  as  possible  into  the 
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comer,  the  male  snuggling  up  close  beside  her,  between  her  and  the  wall. 
They  were  never  observed  swimming  about,  and  only  rarely  shifted  their 
position.  They  did  not  take  any  fo(>d;  the  mussels  thrown  in  one  day 
were  removed  on  the  following  day.  The  male  in  No.  2  was  curiously 
coloured.  Along  the  sides,  near  the  base  of  the  fins,  there  were  six  equi- 
distant and  subequal  spots  of  chalky  white,  from  j-|  inch  hi  diameter ; 
there  was  a  similar  spot  at  the  root  of  the  tail  and  another  near  the  base 
of  the  pectoral  fin.  Between  these  were  single  dullish-red  spots,  by  no 
means  conspicuous;  white  rings  were  not  observed  around  them.  Similar 
red  spots  were  scattered  over  the  surface.  The  female  was  dull-coloured 
and  her  spotting  not  veiy  noticeable. 

The  particulars  as  to  the  spawning  of  each  female  from  day  to  day  are 
given  in  the  following  Table,  and  also  in  the  diagram  on  the  opposite 
page,  the  numbers  in  the  first  column  representing  lOOO's  of  eggs. 
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The  quantity  of  eggs  obtained  from  No.  2  on  19th  March  was  small, 
and  there  was  a  pause  until  the  26th,  when  the  spawning  began  in  reality. 
In  the  case  of  this  fish  the  emission  of  eggs  went  on  very  steadily  until  the 
19th  April,  eggs  being  got  daily.  From  19th  to  22nd  April  spawning  was 
interrupted,  and  the  last  eggs  were  obtained  on  2«3rd  April.  The  spawn- 
ing of  this  female  thus  extended  over  a  period  of  36  days  from  first  to 
last,  but  was  chiefly  limited  to  the  interval  from  26th  March  to  23rd  April, 
or  28  days;  only  on  three  days  in  that  time  were  no  eggs  found  to  have 
been  spawned. 

The  characters  of  the  spawning  of  this  fish  were  a  regular,  small  or 
moderate,  quantity  of  eggs  on  each  day.  The  average  number  emitted  per 
day  for  the  25  days  that  they  were  emitted  was  6542 ;  the  largest  on  any 
one  day  was  15,195  on  17th  April,  the  next  largest  being  13,832  on  17th 
April;  the  smallest  was  2056  on  19th  April,  and  2525  on  29th  March. 

The  other  female,  in  tank  5,  offered  a  striking  contrast  to  the  above. 
Its  spawning  extended  over  a  period  of  41  days,  viz.,  from  26th  March  to 
5th  May;  but  eggs  were  spawned  on  only  16  days  during  that  time. 
There  were  thus  long  intervals  without  any  eggs  being  obtained ;  as  much 
as  nine  days.  As  the  Table  shows,  it  spawned  most  regularly  at  first, 
each  day  from  26th  March  to  2nd  April  (no  collection  was  taken  on  the 
28th  or  1st).  It  will  be  noticed  that  the  quantity  of  spawn  emitted  on 
the  second  day  was  very  large,  and  it  then  diminished,  only  155  eggs  being 
found  on  the  3l8t  March,  and  only  88  on  2nd  April.  The  ovaries  were 
greatly  distended  when  spawning  began,  and  the  figures  show  that  the 
fully  mature  eggs  which  had  collected  were  got  rid  of  in  about  five  days, 
after  which  a  rest  for  some  days  occurred. 

This  female  spawned  again  on  the  7th  April,  and  for  the  next  two  days ; 
then  not  again  until  the  15th;  then  on  the  19tb,  22nd,  and  23rd;  then 
on  the  26th,  and  finally  on  5th  May.  The  seven  "  bursts  "  of  spawning 
were  as  follows : — 


1 

2 
3 
4 
5 
6 
7 

Dates. 

Number  of 
Eggs  Spawned. 

Ratio  per 
1  C.C. 

26th  March-2nd  April,      *. 

7th-9th  April,    . 

15th  April, 

19th  April, 

22nd,  28d  April, 

26th  April, 

5th  May,    .... 

65,657 
47,797 
49,170 
32,828 
30,831 
15,687 
10,907 

255-64 

272-2 

364-9 

314-6 

331-4 

306'0 

318-0 

The  largest  numbers  on  any  one  day  was  49,170  on  15th  April,  and 
44,405  on  27th  March ;  the  smallest  daily  amount  was  88  and  155,  which 
might  almost  be  considered  accidental,  the  next  being  2555.  The  average 
per  day  for  the  15  days  on  which  spawning  occurred  was  16,852  eggs. 

The  aggregate  quantiiy  of  spawn  from  No.  2  over  the  whole  period  was 
654*29  cubic  centimetres,  and  the  estimated  number  of  eggs  was  163,557. 

The  aggregate  from  No.  5  was  856-79  cubic  centimetres,  and  the 
estimated  number  of  eggs  was  252,777. 
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No.  2. 

No.  5. 

C.C. 

* 

No. 

C.C 

No. 

March,  . 
April,    . 
May,     . 

71-82 
582-47 

15,605 
147,952 

263-2 
559-29 
34-30 

65,414 

176,456 

10,907 

The  quantities  taken  for  enumeration  were  84*94  cubic  centimetres  for 
No.  2  and  77  04  for  No.  5,  or  about  13  and  9  per  cent,  of  the  totals ;  and 
the  numbers  of  eggs  counted  were  19,075  of  No.  2  and  21,400  of  No.  5, 
the  total  being  161*98  cubic  centimetres,  and  40,475  eggs. 

With  regard  to  the  fecundity  of  the  fishes,  these  results  agree  very  well 
with  those  deduced  previously  from  weighing  part  of  the  ovary  and 
enumerating  the  eggs.  Thus,  in  the  paper  referred  to  in  the  Ninth  AnnttcU 
Report,  I  describe  a  female  of  17|  inches,  and  weighing  2  lbs.  10  ounces, 
with  an  estimated  number  of  148,470  eggs,  and  another  of  the  same  size 
and  weighing  3  lbs.  0^  ounces,  with  223,497  ;  the  average  for  the  five 
plaice  there  dealt  with  being  19*9  inches  in  length,  3  lbs.  lOf  ounces 
(1664  grammes)  in  weight,  and  301,394  eggs. 

Before  referring  further  to  the  facts  brought  out  in  the  Table,  I  may 
describe  some  of  the  occurrences  in  regard  to  the  fishes  and  their 
treatment. 

On  31st  March  a  fresh  male  quite  ripe  was  put  into  tank  No.  5.  The 
female  was  observed  to  be  lying  apart  from  the  males,  all  of  which  had 
conspicuous  red  spots,  but  not  nearly  so  bright  as  one  often  sees  on 
plaice  brought  to  deck  at  the  fishing  grounds  at  other  times  of  the  year. 
The  ovaries  were  sometimes  enormously  swollen,  so  much  so  that  I  was 
afraid  that  the  ** egg-bound"  condition  was  about  to  supervene.  It 
appears,  however,  to  be  natural,  and  a  certain  distension  occurred  before 
the  eggs  were  allowed  to  run  from  the  oviduct.  After  a  "burst"  of 
spawning  they  were  notably  reduced  in  size. 

On  the  6th  April,  a  fresh  ripe  male  was  put  with  No.  5,  and  the 
spawning,  which  had  been  interrupted,  began  on  the  same  night.  On 
the  occasions  when  No.  5  stopped  spawning,  she  was  usually  observed  to 
be  lying  away  from  the  males.  The  latter,  it  may  be  remarked,  appeared 
to  have  no  contests  for  the  privilege  of  fertilising  the  eggs,  as  with  the 
lumpsuckers  in  an  adjoining  tank.  They  were  always  lying  quietly,  and 
often,  or  even  usually,  together. 

The  ovaries  of  No.  2  were,  as  a  rule,  more  swollen  than  those  of  the 
other  female. 

On  13th  April  two  ripe  males  were  put  into  No.  5,  and  she  spawned 
again  on  the  15th. 

With  regard  to  food,  mussels  were  only  occasionally  eaten,  probably 
by  the  males ;  only  on  one  occasion  was  any  slimy  matter  which  might 
have  come  from  the  intestines  observed  in  the  overflow,  and  in  pressing 
the  plaice  taken  from  the  tank  to  select  those  for  the  experiment,  no 
excrements  were  pressed  out. 

After  No.  5  stopped  spawning  on  the  26th,  she  was  observed  to  be 
adhering  to  the  vertical  side  of  the  tank,  a  position  she  occupied  for  a 
day  or  two,  as  if  desiring  to  be  freed  from  the  attention  of  the  males. 

Spawning  was  never  actually  observed,  but  the  Table  shows  that  it 
takes  place  usually  at  night,  though  it  does  not  always  do  so  (see  27th 
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March).  As  a  rule,  ho v^  ever,  very  much  less  spawn  was  collected  iu  the 
afternoon  than  in  the  morning,  and  part  may  have  been  derived  from  the 
spawning  daring  the  night. 

The  difference  between  the  two  females  was  not  confined  to  the 
spawning.  There  was  a  noteworthy  difference  in  the  eggs,  not  merely  as 
to  quantity  but  as  to  size.  After  some  experience  in  the  enumeration,. it 
was  possible  to  tell  whether  a  collection  was  from  No.  2  or  No.  5,  owing 
to  this  difference.     Those  from  No.  5  were  smaller. 

Thus  the  mean  number  per  cubic  centimetre  of  the  eggs  from  No.  2 
was  250  (249*98),  while  the  mean  number  from  No.  5  was  245  per 
cubic  centimetre,  a  difference  of  45  per  cubic  centimetre.  In  other 
words,  the  eggs  of  one  plaice  were  .about  18  per  cent,  smaller  than  those 
of  the  other.  With  one  exception  (23rd  April)  the  number  per  cubic 
centimetre  was  always  greater  in  the  second  plaice,  No.  5,  that  is  to  say, 
its  eggs  were  smaller. 

The  ratio  of  number  of  eggs  to  I  cubic  centimetre  in  No.  2  was  185*35 
at  the  beginning  of  spawning,  and  394*5  at  the  close ;  in  No.  5  it  was 
243*6  at  the  beginning,  and  over  300  later,  the  highest  being  364*9  on 
15th  April. 

This  difference  was  partly  due  to  the  fact  that  in  No.  2  there  was  in 
almost  every  collection  a  proportion  of  the  eggs  much  larger  than  others ;  in 
some  of  the  collections  this  was  very  noticeable.  They  graduated  from 
very  large  ones,  swollen,  and,  it  might  be  said,  hydropic,  to  small  ones  ; 
the  range  of  size  being  considerable  from  the  smallest  to  the  largest. 

The  eggs  spawned  by  the  other  female  (No.  5)  were  much  more  uniform 
in  size.  Whether  differences  of  this  kind  occur  under  natural  conditions 
I  do  not  know,  but  such  large  hydropic  egg^  of  the  plaice  are  sometimes 
taken  from  the  spawning  pond,  and  on  one  or  two  occasions  led  to  the 
suspicion  that  they  might  belong  to  some  other  species.  They  appear  to 
be  produced  by  an  excessive  imbibition  of  the  watery  saline  solution  that 
enters  the  egg  at  the  last  stage  of  maturation.*  Whether  they  are 
fertilised  and  behave  like  the  normal  egg  was  not  determined.  Now  and 
again  a  single  egg  was  got  stained  bright  yellow,  no  doubt  from  the  bile ; 
and  several  were  blue,  for  what  reason  I  did  not  discover. 

It  may  be  seen  from  the  Table,  moreover,  that  as  spawning  proceeded 
the  size  of  the  eggs  tended  to  become  smaller. 

The  fact  may  be  seen  from  the  averages  for  No.  5  given  in  the  Table 
printed  above ;  and,  taking  the  mean  of  the  first  ^ve  averages  (number 
per  cubic  centimetres)  and  the  mean  of  the  last  five  averages,  we  have 
the  following : — 

No.  2.  No.  5. 

26th-30th  March,         213*43  26th-30th  March,        255*84 

17th-23rd  April,  297*17  19th  April-5th  May,  320*28 

The  increase  in  the  number  with  the  first  female  was  thus  83*74  per 
cubic  centimetre,  and  in  the  second,  65*04  per  cubic  centimetre,  the 
reduction  in  size  amounting  to  39*2  and  25*4  per  cent,  respectively. 

The  fact  is  of  some  interest,  and  is  in  all  probability  due  to  the  com- 
parative exhaustion  of  the  water-secreting  function  of  the  ovary,  water 
being,  so  far  as  volume  is  concerned,  the  chief  product  of  that  organ.  It 
might,  however,  be  owing  to  the  eggs  spawned  later  containing  less 
yolk ;  a  less  probable  explanation,  for  several  reasons. 

I  may  add  that  the  mean  of  a  number  of  fertilised  plaice  eggs  taken 
from  the  large  spawning  pond  at  the  same  time  was  307  per  cubic 
centimetre,  two  samples  varying  from  312*27  to  301*63. 

*Vide  Sixteenth  Annual  Report,  Part  III.,  p.  89. 
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I  have  elsewhere  showa*  that  at  the  last  stages  of  the  maturation  of 
plaice  eggs  in  the  ovary  the  absorption  of  water  by  the  eggs  is  enormous, 
amounting  to  at  least  two- thirds  of  the  volume  of  the  contents.  Thus,  in 
the  654  cubic  centimetres  of  eggs  produced  by  the  female,  No.  2,  at  least 
536  cubic  centimetres  is  represented  by  water  absorbed  not  long  before 
the  eggs  are  extruded,  and  which  is  secreted  by  the  fish.  So  in  the  other 
case ;  about  572  cubic  centimetres  of  the  857  cubic  centimetres  of  eggs 
represents  water  absorbed. 

Both  the  plaice  were  kept  in  the  tanks  after  the  conclusion  of  spawning. 
On  9th  May,  no  further  eggs  having  come  from  the  plaice  in  No.  2  since 
the  23rd  of  April,  and  spawning  being  clearly  over,  she  was  killed  and 
examined.  The  length  was  the  same,  46* 5cm.,  and  the  weight  was  21bs. 
8|oz.  (1139*8  grammes),  showing  a  loss  of  14oz.,  or  396  grammes. 

At  the  same  time,  the  other  plaice  (No.  5)  was  also  weighed.  It  was 
21bs.  6|oz.  (1083  grammes),  showing  a  loss  of  8^02.,  or  234  grammes. 
The  measurement  was  a  little  less,  viz.,  46'7cm. 

This  fish  was  put  back  with  the  males  into  the  tank,  but  no  further 
spawning  occurred.  On  13th  May  she  weighed  1119  grammes,  and  was 
still  46*7cm. ;  on  21st  ^lay  the  weight  and  length  were  the  same,  so  that 
recovery  was  slow. 

The  loss  in  weight  above  referred  to  does  not  represent  anything  like 
the  weight  of  the  eggs  spawned.  Among  those  of  No.  2  it  was  found 
that  56  cubic  centimetres  weighed  53  grammes,  so  that  the  total  weight 
of  the  654  cubic  centimetres  spawned  would  be  about  619  grammes,  or 
223  grammes  more  than  the  loss  of  weight  of  the  fish. 

In  the  other  plaice  (No.  5)  6*7  cubic  centimetres  of  eggs  weighed  6*65 
grammes,  and  the  total  weight  of  the  whole  quantity  of  857  cubic  centi- 
metres would  be  about  850  gramme^  or  616  grammes  in  excess  of  the 
loss  of  weight  of  the  fish. 

The  difference  is  accounted  for  by  the  water  secreted  and  absorbed 
as  the  eggs  mature ;  also,  no  doubt,  by  the  absorption  of  water  by  the 
muscles  and  tissues  of  the  fish  after  spawning,  the  increase  of  weight  in 
No.  5  after  the  9th  May  being  probably  due  to  this,  since  no  food  was 
eaten. 

When  the  first  plaice  (No.  2)  was  killed,  on  9th  May,  the  ovaries  were 
found  to  contain  a  large  quantity  of  spawn.  When  put  into  sea-water 
all  went  to  the  bottom  within  a  few  minutes,  and  the  disc  was  chalky 
white,  and  in  many  cases  wrinkled  and  irregular.  They  represent  the 
eggs  which  the  fish  is  unable  to  get  rid  of  at  the  end  of  spawning,  and 
which  disintegrate  and  are  absorbed.  The  quantity  amounted  to  43*95 
cubic  centimetres,  of  which  3*75  cubic  centimetres  contained  1482  eggs, 
or  395*2  per  cubic  centimetre.  The  estimated  number  of  eggs  thus 
retained  in  the  ovaries  and  destroyed  was  17,369,  or  over  10  per  cent,  of 
the  number  spawned,  which  indicates  a  very  considerable  loss. 

The  ovaries  of  the  other  plaice  were  in  the  same  condition,  slightly 
swollen,  tumid,  and  soft. 

*  Ibid.f  p.  14.     See  also  p.  145. 
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XL— ON  TWO  CASES  OF  HERMAPHRODITISM  IN  THE  COD 

(OADUS  CALLARIAS). 

By  H.  Charles  Williamson,  M.A.,  D.So.,  Marine  Laboratory, 

Aberdeen. 


(Plates  XV.,  XVI.) 

Several  cases  of  Hermaphroditism  were  noticed  among  the  cod  lauded 
in  Aberdeen  during  March,  1906.  Two  of  these  were  secured  from  local 
fish-curing  yards  for  the  Marine  laboratory.  A  third  was  reported  to  the 
Fishery  Board  from  Whitehills ;  and  a  fourth  is  known  to  have  been 
observed  in  Aberdeen. 

The  specimens  here  described  were  examined  after  having  been  two 
months  in  formaline  solution ;  they  exhibit  two  different  arrangements 
of  the  ovaries  and  testes.  In  one  case,  fig.  1,  pi.  xv«  and  xvi.,  a  fully 
developed  female  reproductive  organ  bears  at  the  anterior  extremity  of 
each  ovary  a  small  testis,  forming  a  symmetrical  hermaphrodite  organ. 
The  other  example  (fig.  2,  pi.  xv.  and  fig.  4,  pi.  xvi.)  shows  a  single  roe 
of  large  size  united  to  a  fall-sized  testis.  The  organ  on  the  right  side  is 
female,  that  on  the  left  is  male. 

The  symmetrical  roe  weighed  about  f>\  lb.  It  contained  transparent 
eggs,  showing  that  the  roe  was  nearly  ripe.  The  testis  contained  some 
ripe  sperms,  but  there  were  none  in  the  vaa  deferens.  The  testis,  though 
well  developed,  was  considerably  short  of  being  ripe.  The  main  blood- 
vessel, h.v.y  of  the  ovary  reaches  that  organ  at  its  anterior  extremity.  It 
is  continued  over  the  dorsum  of  the  ovary  along  the  base  of  the  mesentery 
(after  giving  off  a  large  branch  to  pass  down  on  the  inner  surface  of  the 
ovary)  to  unite  at  the  junction  of  the  two  ovaries  with  the  corresponding 
vessel  of  the  opposite  organ.  Before  it  reaches  the  ovary  this  large 
vessel  gives  off  two  branches  b^,v^,  and  6*.t;*.,  one  to  each  end  of  the 
loop-formed  testis  (fig.  2,  pi.  xvi.).  Between  the  branch  blood-vessels  and 
the  frill  of  the  testis  lies  the  vas  deferens.  This  duct  is  closed  at  one 
end  of  the  testis  loop,  viz.,  at  VD,  and  it  opens  by  its  other  extremity, 
V^D^y  into  the  ovary,  by  three  small  openings.  These  openings  were  not 
so  guarded  as  to  prevent  the  eggs  from  getting  out  into  the  vns  deferens, 
but  the  eggs  found  there  were  small  yoked  eggs,  and  they  may  have  been 
forced  out  by  the  handling  to  which  the  roe  was  subjected.  A  fully  ripe 
egg  would  probably  not  pass  through  the  apertures.  The  general  form 
of  the  testis  is  that  of  a  loop ;  it  is  shown  diagrammatically  in  ^g.  3. 
The  great  development  of  the  testis-frill  on  so  short  an  extent  of  vas 
deferens  has  formed  it  into  a  compact  mass,  wherein  the  vas  deferens  is 
not  to  be  seen  until  the  folds  are  forced  apart.  The  large  blood-vessel  of 
the  ovnry  is  accompanied  by  a  thick  walled  vessel  (v.)  having  a  very 
small  lumen. 

The  asymmetrical  organ  weighed  3|  lb.  The  ovary  contained  trans- 
parent eggs.  Some  ripe  sperms  were  present  in  the  testis ;  but  there 
were  none  in  the  vas  deferens.  In  this  case  a  normal  ovary  is  accom- 
panied by  a  normal  testis  (fig.  4).  The  two  unite  in  the  anal  region 
just  as  two  ovaries  or  two  testes  do,  and  their  ripe  products  escape  by  the 
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one  genital  aperture  (g.-ap.).  In  the  cod  each  ovary  or  testis  is  supported 
to  the  roof  of  the  ahdominal  cavity  hy  a  mesentery,  which  is  attached 
longitudinally  to  the  swim-bladder.  The  stomach  and  gut  are  similarly 
supported  by  a  mesentery  that  hangs  between  the  genital  mesenteries. 
All  three  mesenteries  are  together  connected  to  the  union  of  the  two 
ovaries  (or  testes).  The  rectum  is  supported  by  mesentry  to  the  inferior 
part  of  the  united  ovaried.  The  two  ovarian  mesenteries  are  continued 
posteriorly  as  a  single  mesentery  joined  superiorly  to  the  roof  of  the 
abdominal  cavity,  and  extending  to  the  hind  extremity  of  the  post- 
abdomen,  where  it  unites  with  the  peritoneum.  The  hind  lobes  of  the 
ovary  are  attached,  one  on  each  side,  to  the  mesentery.  This  mesentery 
also  includes  the  ureter  and  urinary  bladder,  and  binds  them  to  the  floor 
of  the  post-abdomen.  The  post-abdomen  is  thus  divided  longitudinally 
into  two  quite  separate  compartments. 

This  arrangement  was  found  to  hold  exactly  in  the  case  of  the  second 
hermaphrodite  specimen'.  The  mesenteries  were  arranged  quite  normally. 
Since  they  are  similarly  arranged  in  both  sexes,  the  substitution  of  one 
half  of  the  ovary  by  a  testis  did  not  involve  any  obnormal  arrangement 
of  the  mesenteries. 

When  the  wall  of  the  ovary  near  the  genital  aperture  was  dissected  off 
it  was  seen  (fig.  5)  that  the  vas  deferens  from  the  hind  part  of  the  testis, 
viz.,  V^.D^,,  and  that  from  the  main  testis,  V.D,,  opened  into  a  common 
chamber,  marked  ttm,  in  the  drawing.  The  wall  of  this  chamber  is 
smooth ;  it  is  open  below  to  the  eggs  in  the  ovary.  Alongside  the  base 
of  the  ventrally  descending  portion  of  the  testis  the  tissue  is  deeply 
honeycombed,  and  divided  up  with  a  network  of  stout  fibres  (h.-c). 
The  passage  of  the  sperms  to  the  exterior  appears  to  be  as  follows : — They 
pass  from  the  upper  smooth  part  to  the  honeycombed  region,  which  pro- 
bably acts  as  a  sort  of  seminal  receptacle,  and  from  thence  pass  out  along 
the  smooth  lower  wall  to  the  genital  opening  (g.ap,).  The  wall  of  the 
ovary  near  the  genital  aperture  is  smooth  on  the  inside,  whereas  all  the 
remaining  wall  bears  the  ovarian  folds.  The  smooth  part  forms  a  gather- 
ing place  for  the  ripe  eggs,  where  they  may  collect  away  from  the  develop- 
ing eggs,  and  when  they  may  lie  ready  to  be  expelled.  The  smooth  part 
of  the  skin  of  the  ovary  is  shown  in  fig.  1,  em.  In  fig.  5,  which  shows 
the  dissection  of  the  hermaphrodite  roe,  the  deflected  sides  are  shown  to 
be  on  one  side  partly  smooth  and  in  part  covered  with  ovarian  folds  (ovf.), 
and  on  the  anterior  side  smooth  {am.).  The  smooth  parts  are  the 
oviducal  part. 

It  is  clear  that  in  the  asymmetrical  hermaphrodite  both  male  and 
female  organs  will  be  functional,  but  it  is  also  evident  that  they  will  not 
be  simultaneously  ripe.  In  this  case  the  testis  is  much  further  from 
ripeness  than  is  the  ovary.  Even  although  they  should  be  ripe  simul- 
taneously, it  is  possible  that  the  elements  might  not  mix  much,  because 
there  is  room  for  the  ripe  eggs  to  collect  on  the  opposite  side  of  the  ovary 
to  that  on  which  the  testis  is. 

In  the  first  case,  where  the  testis  is  attached  to  the  anterior  end  of  the 
ovary,  the  former  was  farther  from  being  ripe  than  was  the  ovary.  It  is 
not  likely  that  the  sperms  would  be  able  to  penetrate  the  ovary  so  long 
as  the  ovary  is  large  and  distended.  And  as  the  facts  indicate  that  the 
ovary  will  be  ripe  first,  it  is  conceivable  to  regard  the  ovary  as  function- 
ing later  in  the  spent  condition  as  a  vas  deferens, 

Masterman*  described  two  cases  of  hermaphroditieni  in  the  cod  in  the 
Thirteenth  Annual  Report  of  the  Fishery  Board  for  Scotland ,  Pt.'III., 
p.  297.  He  also  cites  a  number  of  other  cases.  In  none  of  these  was  a 
condition  found  similar  to  either  of  the  specimens  described  above.     In 
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only  one  case  was  the  hermaphrodite  organ  symmetrical — that  was  a. case 
described  by  Weber,  in  which  a  testis  was  attached  to  the  posterior  end 
of  each  ovary.  In  no  case  was  the  united  organ  composed  equally  of  one 
testis  and  one  ovary.  The  connection  of  the  vaa  d^erens  with  the  ovaxy 
was  similar  in  Howe's,  Masterman's,  and  the  present  instance,  except 
that  in  Howe's  a  well-marked  valve  structure  prevented  the  back  passage 
of  ova  into  the  vas  deferens.  A  somewhat  similar  arrangement  appeared 
in  Masterman's  specimen. 

Kylet  describeis  a  case  of  hermaphroditism  in  the  ling  {Molva  vulgaris). 
The  testis  was  in  four  parts ;  a  very  large  part  much  larger  than  the  ovaty 
was  attached  to  the  anterior  end  of  each  ovary,  and  a  smaller  part  was 
connected  with  the  hind  end  of  each  ovary,  that  connected  to  the  right 
ovary  being  very  small.  A  small  portion  of  the  left  ovary  was  separated 
from  the  ovary  posteriorly.  Anteriorly  each  testis  opened  into  the  ovary 
by  a  small  aperture  guarded  against  the  issue  of  the  eggs  by  a  valve-like 
fold  of  fibrous  tissue.  Posteriorly  the  left  testis  opened  by  its  vas  deferens 
into  the  oviduct.  In  this  specimen,  then,  we  have  a  combination  of  the 
two  conditions  described  above— viz.,  (1)  the  ovary  functioning  as  a  vas 
deferens,  and  (2)  the  common  use  of  the  oviduct  for  the  issue  of  both 
eggs  and  sperms.  The  eggs  were  nearly  ripe,  and  the  testis  was  well 
developed.     The  specimen  was  secured  in  May. 

Plate  XV. 

Fig.  1. — Symmetrical  hermaphrodite  reproductive  organs  of  Gadus 
callarias. 

Fig.  2. — Asymmetrical  hermaphrodite  reproductive  organs  of  Oadus 
callarias, 

Plate  XVI. 
The  Figures  are  not  drawn  to  Scale, 

Fig.  1. — Symmetrical  hermaphrodite  reproductive  organs  of  Oadus 
callarias. 

Fig.  2.  —  Dissection  of  connection  between  the  testis  and  the  anterior 
end  of  the  ovary  in  the  symmetrical  organ. 

Fig.  3. — Diagrammatic  sketch  of  structure  of  testis  of  preceding. 

Fig.  4. — Asymmetrical  hermaphrodite  reproductive  organs  of  Gadus 
callarias. 

Fig.  5. — Dissection  showing  connection  between  vas  deferens  and  the 
oviduct  in  the  asymmetrical  organ. 

Letters  Used. 

a. — anus.  ovf, — ovarian  folds. 

h.v. — blood  vessel.  i  ov.int.  —interior  of  ovary. 

gn.ap, — genital  aperture.  j  sm.— smooth  area. 

gn.me. — genital  mesentery.  j  T. — testis. 

gt.me. — gut  mesentery.  ur, — ureter. 

h.c, — honeycombed  region  ur.bL — urinary  bladder. 

me. — mesentery.  v. — vessel. 

ov. — ovary.  I 

'Masterman:  ^'On  Hermaphroditism  in  the  Cod,*'  Thirteenth  Annual  Report  of  the 
Fishery  Board  for  Scotland,  Part  III.,  for  the  year  1894.  p.  297. 

fKyle  :  "  Note  od  the  Reproductive  Organs  of  an  Hermaphrodite  Ling."  ^^^^nth 
dnnual  Report  of  (he  Fuhery  Board  for  Scotland,  Part  III.,  for  the  year  1896,  p.  ^. 
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PLATE  XV 


Hermaphrodite  repruductive  orgaiu  of  Qadvt  caliariae.     Fia.  1. — Symmetrioal 
CoDdition.     Fio.  *2. — Asymmetrical  Condition. 


Rn-wcDLTivi  OHun  or  Oadtit  caDnrin* 


of  the  FisJiery  Board  for  ScotUmd. 


293 


XIL-ON  THE  GROWTH  AND  AGE  OF  THE  HERRING 
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1. — Previous  Opinions  and  Obskevationb. 

The  investigation  of  the  rate  at  which  the  herring  grows  is  more 
difiicult  than  similar  investigations  with  -other  fishes.  The  fact  that 
herrings  spawn  twice  in  the  year,  and  that  spawning  may  take  place, 
more  or  less,  over  many  or  most  of  the  months  of  the  twelve,  offers  one 
difficulty,  and  a  great  one,  since  the  post-larval  and  young  stipes  derived 
from  one  spawning  cannot  readily  be  distinguished  from  those  derived 
from  the  other,  though  metamorphosis  may  occur  at  a  different  length. 
The  conditions  are  complicated  by  the  circumstance  that  the  early  stages 
of  the  sprat,  which  spawns  in  early  summer,  can  hardly  be  separated  with 
any  certainty  from  the  corresponding  stages  of  the  herring. 

Many  writers  have  expressed  their  opinion  as  to  the  rate  of  growth  of 
this  fish  and  the  size  and  age  it  attains  when  it  first  becomes  mature  and 
reproduces ;  and  authors  are  by  no  means  in  agreement  on  these  points. 
It  is  probable  that  the  divergence  of  view  is  in  part  explained  by  the 
herrings  of  widely-separated  localities  growing  at  a  different  rate,  and 
coming  to  maturity  at  a  different  size ;  partly  from  the  very  smallest  and 
exceptionally  mature  individuals  having  been  fixed  upon ;  many  of  the 
opinions,  moreover,  are  based  upon  general  considerations  rather  than 
on  definite  evidence. 


(a)  Eriglish  Avihora, 

Huxley,  in  the  report  of  a  Commission  on  the  Scottish  herring  fishery 
(1.  p.  27)  stated  that  it  was  difficult  to  obtain  satisfactory  evidence  on 
the  point,  some  fishermen  believing  that  the  herring  took  three  years 
and  others  that  it  took  seven  years  to  reach  maturity.     His  own  view  was 
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that  there  was  no  good  evidence  against  the  supposition  that  it  reaches 
the  spawning  condition  in  one  year,  a  view  which  was  also  held  by  the 
old  Dutch  naturalist  Leuwenhoek.  But  it  might  be  well,  he  said,  to  leave 
the  question  whether  the  herring  attains  its  maturity  at  12,  15,  or  18 
months  open,  in  the  tolerably  firm  assurance  that  the  period  last  named 
is  the  maximum.  Later,  he  modified  his  opinion,  agreeing  rather  with 
Mitchell  (2,  p.  30)  and  Yarrell  (3,  ii.,  p.  190),  that  it  attained  maturity 
when  about  one  year  and  a  half  old — a  somewhat  odd  eoneliuion,  ainoe  it 
implies  that  the  summer-spawners  of  one  year  give  rise  to  the  winter-  or 
spring-spawners  of  the  next  year  but  one,  and  vice  versa. 

De  Caux,  who  wrote  a  book  on  the  herring  and  its  fishery,  stated  his 
belief  that  herrings  arrived  at  maturity  well  within  twelve  months  (4, 
p.  50). 

Mr.  George  Sim  did  not  agree  with  the  supposition  that  the  herring 
grew  so  fast.  From  the  examination  of  large  numbers  of  herrings,  he 
thought  that  it  grew  in  its  first  year  six  or  seven  inches,  and  that  it  did 
not  spawn  until  the  end  of  its  second  year  (5,  p.  46). 

(6)  Scandinavian  and  DtUch, 

On  the  Continent,  and  especially  in  Sweden  and  Norway,  much  atten- 
tion has  been  given  to  the  question. 

Ljungmann  (6,  6a),  as  the  result  of  the  measurement  of  a  large  number 
of  herrings  in  May  from  the  west  coast  of  Sweden,  came  to  the  conclusion 
that  the  herring  grew  much  more  slowly  than  the  above  statements  would 
indicate. 

On  the  coast  of  Bohusran,  where  the  small  herrings  come  in  May,  they 
grow  rapidly  with  the  high  temperature,  and  measure  80mm.  to  100mm. 
He  measured  a  great  many  herrings  in  the  latter  part  of  November  on 
the  northern  part  of  the  Swedish  coast,  and  found  that  the  length  of 
these  one-year*old  fish  varied  from  78mm.  to  109*5mm.  In  the  latter 
part  of  spring  he  also  measured  many  herrings  on  the  Bohuslan  coast, 
and  came  to  the  conclusion  that  the  majority  could  be  divided  into  three 
groups,  (1)  about  120mm.  (4|  inches),  or  one  year  old;  (2)  170mm.  to 
175mm.  (6|-6|  inches),  or  two  years  old;  (3)  200mm.  to  210mm.  (7|- 
8|  inches),  or,  presumably,  three  years  old,  and  with  fully-developed 
reproductive  organs. 

Ljungmann  occasionally  found  herrings  as  small  as  18 '5cm.  (7|  inches) 
with  fully  ripe  eggs ;  on  the  other  hand,  many  herrings  from  this  size  up 
to  20cm.  (7^  inches)  could  not  possibly  spawn  the  same  season.  While 
he  thinks  the  herring  spawns  first  at  three  years  of  age,  he  says  some  may 
not  do  so  until  four  yeai-s  old.  Fish  of  about  23-5cm.  (9J  inches)  he 
regards  as  four  years  old. 

Widegren  (7),  who  assigned  a  length  of  75mm.  (3  inches)  to  a  one- 
year-old  herring,  and  a  length  of  150mm.  (6  inches)  to  one  two  years  of 
age,  stated  that  herrings  two  months  old  had  a  length  of  25mm.  (1 
inch)  and  at  three  months  a  length  of  37mm.  {l^^  inches).  The  size 
at  maturity  he  placed  at  20cm.  (8  inches)  and  the  age  at  three  years. 

Axel  Boeck  (8),  with  special  reference  to  the  Norwegian  spring  herring, 
puts  the  average  length  when  maturity  is  reached  at  25cm.  (9|  inches), 
and  the  average  age  at  three  to  four  years ;  while  Sundevall  (9),  dealing 
with  the  stromling  of  the  eastern  coast  of  Sweden,  supposed  them  to 
attain  maturity  when  three  or  four  years  old,  and  about  20cm.  (8  inches) 
in  length.  He  states  that  the  young  herring  reach  a  length  of  25mm. 
in  about  two  months;  36mm.  in  three  months;  50mm.  in  four  months; 
75mm.  (3  inches)  when  one  year  of  age,  and  from  125mm.  to  150mm. 
(5-6  inches)  when  two  years  old. 
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The  opinion  of  Ekstrbm  (10, 10a)  was  that  herrings  10-12  inches  in  length 
were  about  4-5  years  of  age.  He  found  young  herrings  on  the  coast  at 
Morko  to  reach  a  length  of  25mm.  in  one  month,  50mm.  in  three  months, 
75mm.  to  100mm.  in  December,  when  they  were  nearly  one  year  old,  and 
about  100mm.  (4  inches)  when  one  year  of  age.  He  believes  that 
maturity  is  reached  at  a  length  of  7  to  8  inches. 

Nilsson  (11)  states  that  the  young  of  the  autumn-spawning  herring 
measure  about  75mm.  (3  inches)  in  the  following  May ;  and,  according  to 
the  views  of  the  fishermen  on  the  Bohuslan  coast,  the  young  of  the 
spring  herring  reach  a  length  of  25mm.  in  May,  50mm.  about  the  middle 
of  August,  and  in  the  autumn  of  the  following  year,  when  they  are  about 
one  year  and  a  half  old,  they  are  from  75mm.  to  100mm.  (3-4  inches). 
It  was  held,  moreover,  that  the  herring  did  not  spawn  until  it  was  five  or 
six  years  of  age. 

G.  0.  Sars  (12)  followed  Nilsson  in  believing  that  the  herring  reaches  a 
considerable  age  before  it  reproduces,  fixing  it  first  at  4  to  5  years,  and 
later  at  5  to  6  years. 

Another  author  specially  qualified  to  speak  of  the  herrings  of  the 
Bohuslan  coast  assigns  to  them  a  very  slow  growth.  A.  W.  Malm  (13)  states 
that  those  of  85mm.  to  95mm.  (3|-3|  inches)  are  almost  two  years  old, 
and  he  thinks  that  herrings  from  19cm.  to  22cm.  (7^-8|  inches)  are  in 
their  fourth  year,  and  those  of  30cm.  (11|  inches)  upwards  of  six  years 
of  age. 

Hoek  (14),  who  carried  on  a  series  of  careful  observations  on  the 
herrings  of  the  Zuiderzee,  which  spawn  in  April  and  May«  states  that  the 
ripe  herrings  measure  between  24mm.  and  27cra.  (9^-10^  inches)  their 
weight  being  from  110  grammes  to  143  grammes,  and  the  weight  of  the 
reproductive  organs  from  23  grammes  to  27  grammes. 

He  gives  a  number  of  measurements  of  the  post-larval  and  young 
herrings  taken  at  various  periods  throughout  the  year.  In  July  the 
smallest  ones  were  37mm.  to  42mro.  (about  1  i  inches),  and  there  were  others 
between  57mm.  and  80mm.  or  even  above  90mm.  In  the  following 
February  most  measured  between  88mm.  and  95mm.  (3i^j^-3|^  inches),  in 
March  between  85mni.  and  95mm.,  while  others  were  49mm.  to  75mm. 
(llf-3  inches),  others  70nim.  to  78mm.,  and  some  83mm.  to  114mm.  In 
April  a  few  specimens  were  taken  which  measured  about  90mm.  (3|  inches). 
He  thinks  that  when  one  year  old  they  are  about  115mm.  (i\  inches)  ; 
but  his  Tables  allow  a  smaller  size  to  be  inferred,  especially  as  young 
herrings  are  known  to  enter  the  Zuiderzee  from  the  North  Sea. 

In  another  work  (14a,  p.  298)  Hoek  describes  the  characters  of  young 
herrings  of  the  Hollandsch  Diep  and  Haringvliet.  Large  numbers  were 
found  in  the  Hollandsch  Diep  at  the  end  of  March,  measuring  45mm.  to 
48mm.  (If-l^  inches),  which  he  assigns  to  the  North  Sea  so-called  winter 
herring,  which  spawns  from  the  beginning  of  August  on ;  others  from 
21  mm.  to  28mm.  (|^8^  inches),  found  in  the  latter  part  of  June,  he 
attributes  to  the  coast  herrings  which  spawn  in  spring. 

(c)  Meyer  and  Jenkins. 

A  series  of  observations  on  the  growth  of  the  herring  of  Kiel 
Bay  was  carried  on  by  Dr.  H.  A.  Meyer  (15,  15a),  whose  results  are 
well-known  and  have  to  a  very  large  extent  guided  opinion  subsequently 
as  to  the  rate  at  which  the  herring  grows.  In  1874  he  found  numerous 
larval  herrings  at  the  mouth  of  the  Schlei,  where  spawning  takes  place 
in  March,  and  especially  in  April  and  May,  measuring  25mm.  to  29mm. 
On  10th  Jane  they  measured  up  to  33mm. ;  on  23rd  June  up  to  43mm., 
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but  the  great  bulk  of  them  had  at  this  time  a  length  of  25mm.  to 
28mm.  (1-1  j^  inches) ;  they  could  not  be  older  than  three  months,  showing 
a  rate  of  growth  of  at  least  1 3mm.  a  month,  while  the  majority  could 
scarcely  be  older  than  six  weeks.  By  the  end  of  July  they  were  trans- 
formed, and  then  measured  45mm.  to  55mm.  (1^-2  ^  inches). 

It  is  important  in  considering  these  results  to  note  the  temperature 
prevailing  in  the  locality,  and  I  append  here  a  table  compiled  from  those 
in  Meyer's  paper,  for  the  ten  months  given  ;  up  to  and  includinfc  July 
they  refer  to  Schliewasser,  and  are  the.  mean  of  three  years,  1875-77 ; 
for  the  rest  they  refer  to  Kiel  Bajf  and  are  the  mean  of  two  years, 
1875-76.    They  are  all  surface  temperatures,  and  are  !n  F. 


Mean. 

Maximum. 

Minimum. 

March,  . . 

35-6 

41-9 

320 

April,    .  . 

44-2 

50-0 

39-2 

May,     . . 

51-2 

57-2 

42*8 

June,    . . 

62-2 

70-9 

51-8 

July,     . . 

66-2 

72-3 

57-2 

August, 

671 

72-7 

581 

September, 

61-5 

66-9 

52-5 

October, 

64-5 

59-7 

44-2 

November, 

43-3 

50-7 

34-9 

December, 

36-9 

44-2 

32-9 

On  11th  June,  1874,  Meyer  put  into  a  floating  box  at  Kiel  a  number 
(not  stated)  of  transparent  post-larval  herrings,  measuring  25mm.  to 
28mm.,  the  growth  of  which  is  shown  as  follows : — 


Date. 

No.  of  Days. 

I>ength. 

Increase. 

Mean  Approximate 
Growth  per  Day. 

Mm. 

Mm. 

Mm. 

June  24, 

13 

31-33 

4-7 

•42 

July    6, 

26  (12) 

37-38 

6-6 

•46 

,.    21, 

40  (16) 

41-43 

4-6 

•80 

August  1, 

50(10) 

46-46 

3-4 

•35 

The  transformation  of  these  spring  herrings  was  completed  when  they 
were  41mm.  long ;  and  the  total  growth  in  the  50  days  was  about 
15mm.  to  17mm.  (^-^  of  an  inch),  or  about  10mm.  a  month. 

This  experiment  was  a  good  one,  and  it  would  have  been  improved  if 
the  numbers  at  the  different  sizes  had  been  noted.  It  will  be  seen  that 
growth  became  somewhat  slower  towards  the  end  of  the  experiment.  A 
growth  of  about  10mm  (f  of  an  inch)  per  month  at  this  period,  and  with 
high  temperatures  prevailing,  is  not  perhaps  excessive. 

At  the  end  of  August  and  beginning  of  September,  Meyer  also 
measured  the  young  herrings  in  the  neighbouring  bays,  after  they  had 
left  the  mouth  of  the  Schlei  and  were  mixed  with  other   and  larger 
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herrings.  To  obviate  as  far  as  possible  the  risk  of  confusion,  he  measured 
only  the  smaller  herrings  at  the  various  periods  (the  numbers  are  not 
stated)  with  the  following  results  . — 


■ 

Mm. 

Inches. 

Increa«e. 

uth  November  1876,      

End  of  November  1876, 

,,     Dbcember  1876, 

„     January  1877,     

,,      February   ,,        

,,      March        ,,        

„      April           ,,        

84 
90 
100 
110 
114 
135 
188 

IP 

Mm. 

6 
10 
10 

4 
21 

3 

•  •  • 

... 

54 

Thus,  the  total  growth  in  about  167  days,  over  the  winter,  according 
to  these  observations,  was  approximately  54mm.  (2^  inches),  or  at  the 
rate  of  *32mm  per  day,  or  about  9'6rom.  per  month;  that  is  to  say,  at 
about  the  same  rate  as  the  average  growth  of  the  smaller  forms  in  the 
height  of  summer. 

This  does  not  agree  with  my  experience  as  to  the  growth  of  other 
fishes,  in  which  growth  is  much  retarded  or  completely  arrested,  it 
may  be,  in  winter,  and  which  grow  fastest  in  the  younger  stages. 

Some  experiments  were  made  by  keeping  herrings  in  confinement. 
Two,  taken  on  1 2th  August  among  a  lot  which  measured  from  50mm. 
to  55mm.,  were  respectively  106mm.  and  96mm.  4^  months  later.  The 
growth  thus  amounted  to  about  48mm.,  or  about  10*7mm.  per  month. 

Three  of  a  medium  size  of  75mm.  on  the  24th  October,  kept  in  an 
aquarium,  measured  100mm.  on  28th  December,  65  days  later,  or  an 
increment  of  nearly  '4mm  per  day  ;  at  the  end  of  January  they  measured 
110  mm,  (an  increase  at  the  rate  of  almost  '3mm.  daily),  the  total 
increase  in  a  little  over  three  months  being  35mm.,  or  approximately 
11mm.  per  month. 

Meyer  concluded  that  the  spring  herring  of  the  western  part  of  the 
Baltic  reach  a  length  of  from  130mm.  to  140mm.  (5^-5^  inches)  at  the  end 
of  their  first  year ;  that  a  month  after  the  fertilisation  of  the  eggs  the 
mass  of  larvae,  in  water  over  12^*0.  (53'6'^F.),  measure  from  17mm.  to 
18mm. ;  in  two  months,  from  34mm.  to  36mm.,  and  in  three  months  from 
45mm.  to  50mm.,  growth  thereafter  for  the  remaiming  months  of  the 
twelve  being  approximately  at  a  similar  rate  of  10mm.  or  11mm.  per 
month. 

Ripe  herrings,  both  spring  and  autumn,  were  found  at  20cm.  (7 J 
inches);  these  were  the  smallest,  more  commonly  the  size  at  first- 
maturity  was  210mm.  to  220mm.  (8|  to  8|  inches),  and  he  states  that  they 
are  got  in  the  Baltic  from  160mm.  to  200ram.  His  conclusion  is  that  the 
herring  does  not  reach  sexual  maturity  before  the  end  of  the  second  year, 
but  this  conclusion  is  pieced  together  from  various  considerations  that 
appeared  to  him  probable,  and  was  not  attained  by  direct  evidence. 

A  few  years  later,  Meyer  made  a  number  of  observations  on  the 
growth  of  young  herrings  from  artificially  fertilised  eggs  (15a).  The 
eggs  were  fertilised  on  26th  April,  and  before  hatching  they  were  placed 
in  a  wooden  vat  supplied  with  fresh  supplies  of  water  daily.  Hatching 
occurred  in  from  14  to  15  days,  the  temperature  being  5r8°  to  53'6*F.; 
later  in  the  summer  the  temperature  of  the  watei  was  about  68^  F. 
After  a  few  days  some  showed  a  considerable  increase  in  size,  measuring 
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9*2ixim.  and  Qdnun.    Ooimting  from  the  fertUiiaiion  of  the  egg,  the 
at  different  ages  were  as  follows : — 


Mm. 


Increase. 


One  Month, 
Two  Months, 
Three 
Four 
FiTe 


»> 


>> 


n 


10-11 
17-19 
30-36 
48-54 
65-70 


Mm. 

7-8 
15-16 
18-19 
17-16 


Sizes  of  Schlei 
Specimens. 


Mm. 

17-18 

84-36 

45-^ 

56-61 

65-72 


The  small  growth  in  the  early  sti^ges  was  ascribed  to  deficient  food, 
and  when  the  arrangements  were  modified  growth  was  quicker ;  and  at 
the  end  of  the  five  months  those  artificially  reared  were  of  the  same  size 
as  those  under  natural  conditions. 

Another  work  dealing  with  the  growth  of  the  herring,  especially  of  the 
Baltic,  is  by  Travis  Jenkins,  (16),  and  his  conclusions  were  founded  on 
the  examination  of  the  otoliths  of  over  300  herrings,  almost  all  from 
Kiel  Bay,  like  those  of  Meyer.     These  conclusions  are  as  follows : — 


Ago. 

Total  Length. 

Weight. 

Growth  in  Each 
Year. 

Mm. 

Grammes. 

Mm. 

Gm. 

One  Year, 

113-121 

8 

117 

8 

Two  Years,    .. 

166-164 

30 

43 

22 

Three    „ 

190-198 

50 

34 

20 

Fonr      „ 

217-225 

70 

27 

20 

FiTO        „        .. 

237-245 

90 

20 

20 

With  regard  to  the  age  at  which  the  herring  attains  maturity,  Jenkins 
places  it  at  three  years,  when  it  has  a  length  of  190mm.  to  198mm.  (7|^  to 
7||  inches).  Jenkins  found  that  in  the  Windebyer  Noor,  a  small  piece 
of  water  at  Eckernforde,  which  has  scarcely  any  communication  with 
the  sea,  and  is  very  brackish,  the  mature  herrings  were  remarkably  small, 
though  three  years  of  age,  according  to  the  otoliths.  They  measured 
from  1 27mm.  to  150mm.  (5-6  inches),  and  furnish  good  examples  of  the 
probable  effect  of  diminished  salinity  on  growth,  although  there  are 
other  conditions  in  this  case  which  may  have  an  important  influence. 

(d)  Masterman  and  Cunningham. 

Another  paper  on  the  growth  of  the  herring  must  be  referred  to,  viz., 
by  Masterman  (17),  who  assigns  a  very  moderate  rate  of  growth  to  the 
early  stages,  but  comes  nearer  the  truth  than  some  of  the  others  whose 
conclusions  have  been  quoted. 

His  investigation  was  made  on  a  very  large  collection  of  young  herrings 
from  newly-hatched  larvse  and  upwards,  accumulated  by  Professor 
Mcintosh  at  St.  Andrews.  They  comprised  both  spring  and  autumn 
spawners.  Enormous  numbers  of  young  herrings,  just  emerged  from  the 
egg,  occur  in  St.  Andrew's  Bay  at  the  beginning  of  March,  sometimes  a 
little  earlier  and  sometimes  a  little  later,  and  last  in  great  abundance 
through  April  and  May.  Their  average  length  is  about  7mm. ;  when 
about  10mm.  long  they  leave  the  bottom  for  mid-water,  and  when  some 
20mm.  to  25mm.  in  length  reach  the  surface  or  near  it,  and  then  migrate 
sborewards,  frequenting  the  mouths  of  rivers.  They  can  be  traced  in 
the  same  localities  till  mid-winter,  when  they  have  a  length  of  some 
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50min.  They  are  not  found  in  the  spring  or  summer,  but  recur  in  the 
autumn,  with  a  length  of  about  80mm.,  which  is  increased  to  100mm. 
by  the  end  of  the  year.  When  one  year  old  Masterman  thinks  they  are 
probably  about  60mm.  (2f  inches)  long. 

In  the  case  of  the  autumn  herrings,  the  occurrence  of  newly-hatched 
larvae  extends  over  August  and  September,  the  spawning  period  being 
thus  of  shorter  duration.  The  larvae  are  somewhat  shorter  than  the 
apriiig  ones,  averaging  between  5mm.  and  6mm. 

The  following  Table  gives  Masterman's  estimate  of  the  growth  from 
month  to  month  of  the  spring  and  autumn  herrings,  after  hatching : — 


Month. 

Spring. 

Autumn . 

Month. 

Spring. 

Autumn. 

Mm. 

Mm. 

Mm. 

Mm. 

1 

15 

14 

8 

47 

•43 

2 

20 

19 

9 

50 

47-5 

3 

27 

23 

10 

54 

52 

4 

30 

27 

11 

58 

57 

.    5 

35 

30 

12 

62 

61 

6 

40 

34 

18 

87 

88 

7 

44 

38 

20 

98 

24 

•  •  • 
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Thus,  according  to  Masterman,  the  autumn  herring  at  two  years  of 
age  is  rather  smaller  than  the  one-year  old  spring  herring  of  the  Baltic,  as 
Meyer  has  determined  it.  The  rate  of  growth  of  the  spring  series  is 
about  4mm.  to  5mm.  per  month,  while  in  the  winter  mouths  the  growth 
of  the  autumn  herring  in  the  early  stages  is  retarded  (3mm.  to  4mm.  per 
mouth).  The  largest  specimen  in  the  collection  measured  134mm.  (5| 
inches),  which  would  be  about  27^  months  old  and  belong  to  the  autumn 
brood.  In  his  later  work  in  conjunction  with  Mcintosh  (17a,  p.  422) 
rather  a  different  opinion  is  expressed.  It  is  there  supposed  that  the 
herring  attains  sexual  maturity  at  a  length  of  8-9  inches  and  probably 
during  the  third  year ;  and  it  is  stated  that  3  inches  and  5  inches  may 
be  taken  to  represent  a  rough  average  of  the  size  of  a  herring  when  one 
year  and  two  years  of  age  respectively. 

The  growth  of  the  herring  on  the  Scottish  coast  has  also  been  considered 
by  Cunningham  ( 1 8,  p.  1 62).  He  is  of  opinion  that  the  herrings  3^-5  J  inches 
long  (82mm. to  133mm.)  taken  in  considerable  numbers  in  December,  in  the 
sprat  fishery  in  the  Firth  of  Forth,  are  derived  from  the  spring  herrings 
that  spawn  at  the  Isle  of  May,  which  would  give  them  an  age  of  about 
nine  months. 

At  Plymouth,  a  large  number  of  small  herrings  from  4*3  to  5*5  inches 
long,  taken  in  May,  are  supposed  by  Cunningham  to  be  year-old  fish, 
derived  from  the  spawning  in  February  and  March  in  the  previous  year. 

From  the  above  review,  it  is  apparent  that  very  different  opinions 
are  held  as  to  .the  rate  of  growth  of  the  herring  and  the  size  and  age 
when  it  reaches  the  mature  condition. 

2. — The  Sizb  of  the  Herring  when  it  first  attains  Maturity. 

The  observations  made  by  myself  as  to  the  size  when  maturity  is 
attained  lead  to  the  conclusion  that  the  herring  on  the  coast  of  Scotland 
does  not  spawn  until  it  has  reached  a  larger  average  size  than  most  of 
those  given  above. 
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Mature  herringB,  both  male  and  female,  are  indeed  occaaionally  taken 
which  have  a  length  of  about  8  inches  (20cm.),  or  even  slightly  under 
that  size.  I  have  found  a  few  of  this  size  at  Ballantrae  Bank  in  March 
with  fully  developed  reproductive  organs,  but  they  were  exceedingly 
exceptional.  They  were  not  quite  so  rare  between  8  and  9  inches  (20'3cm 
to  22*8cm.),but  the  great  majority  of  these  small  herrings  were  immature. 

Matthews  (19,  p.  96)  records  ripe  herring  from  Lochfyne  in  February, 
between  19cm.  and  20cm.  (7|  to  8  inches),  and  he  mentions  one  that  he 
examined  (place  and  date  not  stated),  which  measured  only  7^  inches 
(18*4cm.) ;  it  was  the  smallest  among  about  3000  young  herrings  he 
examined  over  a  period  of  two  years. 

Among  several  thousands  examined  by  myself,  the  smallest  fully 
ripe  herring  measured  21*  1cm.  (8|  inches).  There  were  two  of  this  size 
among  2178  landed  in  February  and  March,  1904,  at  Anstruther,  in 
the  Firth  of  Forth.  They  were  thus  spring  herrings,  and  formed  part  of 
the  spawning  shoals  which  habitually  visit  the  mouth  of  the  Firth  in 
spring  to  spawn.  They  were  all  mature  fish,  the  spawn  and  milt  flowing 
from  them  in  February  (16th),  when  none  among  the  1023  measured 
were  spent ;  but  on  this  occasion  the  smallest  were : — Males,  one  at 
21*8cm.,  three  at  22'3cm.,  two  at  25cm.,  two  at  26cm.,  and  altogether 
from  22'5cm.  to  22'9cm. — 21  males ;  females,  one  at  22*5cnK,  one  at 
22'6cm.,  three  at  22'7cm.,  and  altogether  between  22'5cm.  and  22  9cm. 
(8 J  to  9  inches) — there  were  15  females. 

In  March,  when  1155  were  measured,  40  of  the  females  and  43  of  the 
males  were  spent ;  the  smallest  of  these  was  a  female  measuring  21.5cm. 
(8|^  inches),  the  next  spent  female  being  22'8cm. ;  the  smallest  male  was 
23cm.  Among  the  fish  still  spawning,  the  number  of  each  sex  at  the 
smallest  measurements  were  these: — 

211  212  213  214  215  216  217  218  219  220  221  222  223  224 


Male     ... 

..      1        - 

1 

1 

1 

8 

3 

3 

3 

3 

8 

10 

9 

11 

Female 

...     1 

- 
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1 

2 

1 

— 

2 

5 

5 

1 

8 

7 

Moreover,  among  many  hundreds  of  autumn  spawners  from  various 
parts  of  the  east  coast,  examined  in  July  and  August,  the  smallest  ripe 
female  in  the  latter  month  was  9  inches,  or  23cm.,  the  weight  of  the  fish 
being  92*3  grammes,  and  the  ovaries  13*1  grammes.  It  was  quite  an 
exception.  The  smallest  male  that  was  mature  measured  also  9  inches, 
the  testes  weigh ii:g  12*5  grammes. 

Other  particulais  regarding  these  small  herrings  may  be  summarised. 
A  male  at  9  inches  (23cm.),  and  weighing  1 10*3  grammes,  was  approaching 
ripeness,  the  testes  weighing  9*2  grammes.  One  at  9^  inches  (23  6cm.) 
was  fully  mature,  as  were  other  two  at  23'5cm.  and  23*8cm.  One  male 
at  8|  inches  (21 '5cm.),  weighing  90  grammes,  had  testes  which  weighed 
9*5  grammes,  and  was  judged  to  be  about  half  ripe. 

Among  small  female  herrings,  some  measuring  23 *9cm.  (102  grammes), 
25cm.  (106  grammes),  24*lcm.  (128*4  grammes),  24cm.  (105  grammes), 
and  with  roes  weighing  from  16  to  22*6  and  25  grammes,  were 
judged  to  be  approaching  maturity.  On  the  other  hand,  some  females 
from  8|  to  10  inches  (21cm.  to  25'5cm.)  were  immature,  their  weights 
ranging  from  93  to  133*7  grammes,  and  the  weight  of  the  ovaries  from 
2*3  grammes  (in  the  one  at  10  inches)  to  1*6  and  6*4  grammes. 

Besides  these,  there  were  many  whose  sex  could  not  be  distinguished 
by  the  naked  eye.  They  ranged  from  7|  to  10|  inches  (19*5cm.  to  26cm.) 
and  from  55*5  grammes  upwards,  with  reproductive  organs  from  under 
1  gramme  in  weight  to  2*7  grammes. 
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Almost  all  the  autumn  herriuga  which  were  above  10  inches  in  length 
were  ripe  or  approaching  maturity ;  and  it  must  be  remembered  that  this 
was  the  chief  spawning  time. 

Some  particulars  of  other  cases  may  be  given.  In  the  collection  from 
the  Dornoch  Firth  on  12th  November,  1903,  thirteen  were  examined. 
They  ranged  from  176mm.  to  197mm.  (7-7|  inches),  and  their  weight 
from  37.5  to  57  grammes.  In  all  cases  the  reproductive  organ  was 
extremely  minute  and  immature,  the  heaviest  (from  a  male)  weighing 
0*03  grammes.  These  herrings  were  extremely  fat,  and  there  was  a  large 
quantity  of  fat  in  the  abdominal  cavity.  This  fat,  as  I  have  elsewhere 
suggested,  is  probably  used  up,  not  only  in  connection  with  the  develop- 
ment of  the  reproductive  organs,  but  also  for  the  production  of  energy, 
in  tiding  over  the  winter,  when  growth,  and  even  the  power  of  digestion, 
is  to  a  large  extent  in  abeyance. 

Other  herrings,  taken  in  Aberdeen  Bay  on  29th  December,  measuring 
148  and  153mm.  (6  inches)  were  quite  immature  and  were  also  full 
of  fat. 

In  the  spring  herring  from  the  Forth,  as  will  be  seen  later,  two  series 
are  represented,  ths  average  size  of  the  smaller,  but  fully  mature,  fish 
being  about  9§  inches,  and  the  range  from  8|^  to  about  10  inches. 

I  think  there  is  little  doubt  that  these  herrings  represent  shoals  spawning 
for  the  first  time,  and  that  the  average  size  of  the  winter  or  spring 
spawner  on  this  part  of  the  coast,  when  maturity  is  first  reached,  is  about 
23'5cm.  (9|  inches),  while  some  may  spawn  when  about  21cm.  to  22cm. 
(8j  to  8|  inches),  and  others  probably  not  till  they  are  26*5cm.  or  28cm. 
(10  inches),  agreeing  in  respect  of  variation  in  size  with  what  obtains  in 
the  first  mature  group  among  other  fishes.  In  all  cases  the  fish  in  a 
group  of  the  same  year  exhibit  considerable  variations  in  length,  and  it 
is  the  average  rather  than  the  extremes  that  have  to  be  considered. 

The  mean  size  I  have  assigned  to  the  spring  herrings  when  they  first 
spawn  is  nearly  the  same  as  has  been  given  by  Hoek  for  the  herrings 
of  the  Zuiderzee  (supra),  viz ,  24cm.  to  27cm.,  and  by  Boeck  for  the 
Norwegian  herring,  viz.,  25cm. 

It  is  of  some  importance  to  establish  the  size  at  first  maturity  in 
connection  with  the  consideration  of  the  growth  of  the  fish  and  the 
number  of  annual  series  which  precede  the  reproductive  one. 

3. — Maximum  Size  aitained  by  the  Herring. 

It  is  also  desirable  to  say  something  as  to  the  size  to  which  herrings 
grow.  In  our  waters  few  are  caught  over  12  inches  (30'5cm.)  in  length. 
In  those  examined  at  Anstruther,  above  referred  to,  two  were  I2| 
inches  (324mm.  and  325mm.),  and  only  33  were  al>ove  11  inches. 
The  largest  herring  that  came  under  the  observation  of  Huxley  during  the 
enquiry  in  Scotland  measured  12^^^  inches  (32cm.),  and  the  smallest  ftdl, 
it  may  be  said,  was  10^  inches  (26'5cm.);  but  he  mentions  that  the 
Fishery  Officer  stated  that  it  was  not  uncommon  to  get  Orkney  herrings 
that  measured  14  or  15  inches  long,  and  he  had  got  one  of  17  inches 
(43'2cm.),  a  size  mentioned  by  Buckland  as  the  largest  for  a  herring  on 
record. 

At  Aberdeen  the  longest  observed  by  Sim  was  12|  inches  (3r2cm.),  its 
weight  being  9|  oz. ;  Matthews  (19)  got  one  33-5cm.  long,  and  another, 
33* 3cm. ;  while  Brook  (20)  states  that  in  Lochfyne  he  has  seen  herrings 
in  August  *'  quite  15  inches  long,"  or  37cm. 

De  Caux  (4)  records  one  of  15^  inches  (39*4cm,),  and  Murie  (21) 
another  of  14|  inches  (36'lcm.)    The  largest  obtained  by  Ljungmanu  (6) 
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measured  37*5cid.,  the  largest  mentioned  by  Collett  was  d6*4cm«y  and  a 
herring  measuring  d4*4cm,  was  the  largest  found  by  Lundbeig  (22)  in 
the  Royal  Museum. 

Specimens  of  a  very  large  size  were  obtained  by  Trybom  in  the  course 
of  investigations  on  the  west  coast  of  Sweden,  and  he  gives  very  full  and 
detailed  measurements  of  them  (23,  23a).  Samples  were  selected  from 
the  catches  of  various  kinds  of  net,  and  from  his  Tables  the  following  are 
extracted.  In  the  catches  of  set-nets  (scUtgamB/angst)  the  largest 
measured  38*5,  37*0,  35*2,  34*8cm.,  i.e.,  up  to  15j^  inches.  Sere  are  the 
sizes  of  ten  herrings  from  such  a  catch  obtained  at  a  place  near 
Marstrand  on  11th  November,  the  meshes  of  the  net  being  35mm.  (1| 
inches)  from  knot  to  knot :— 38*5,  35*2,  33*4,  33*4,  32*8,  32*7,  32*6,  32*5 
32*2,  32'Ocm.,  none  being  under  12|  inches.  With  mackerel  nets  the 
sizes  of  the  larger  herrings  were  36,  35*8,  35*3,  and  35*3cm.;  with 
seines  {wul/angat)  the  larger  measured  37*2,  35.8,  33'8cm ;  with  purse- 
seines  {gnorpvads/angst)  the  largest  were  34*4,  34,  and  33*8cm ;  with 
drift  nets,  (drifgamsfangst)  the  meshes  going  up  to  33mm.  (1{^  inches), 
herrings  of  the  following  dimensions  were  caught: — 35*8,  35*5,  35*1,  35, 
34*8cm.,  &c. 

The  largest  herring  of  which  I  have  found  a  record  (24)  is  one  which 
was  said  to  have  been  taken  by  a  Dutch  herring  boat  (De  Dankbaarheid) 
in  the  North  Sea,  about  57*23'  N.  Lat.,  on  23rd  October  1863.  This 
giant  measured  48*5cm.  (a  trifle  over  19  inches);  but  it  was  probably  a 
shad,  specimens  of  which  are  not  uncommonly  recorded  by  the  unin- 
structed  as  extraordinarily  large  herrings.* 

The  largest  obtained  by  me  in  Lochfyne  measured  13|  inches 
(33'4cm.),  but  many  were  13|  inches.  I  have  also  received  a  herring 
from  the  Firth  of  Forth  of  this  size. 

From  general  considerations  I  think  it  very  probable  that  herrings  of 
14  and  15  inches  represent  the  usual  maximum  size  attained,  and  it 
must  be  borne  in  mind  that  on  our  cast  coast  the  herrings  are  all  taken 
by  drift-nets,  which  is  selective,  and  that  the  size  of  mesh  is  small 
compared  with  those  used  by  Trybom.  In  Lochfyne  and  the  Clyde  they 
are  taken  mostly  by  seine-nets. 

4. — The  Spawning  Pbriods. 

There  are  two  well-marked  periods  of  spawning  on  the  coast  of 
Scotland,  one  in  spring  and  one  in  autumn.  The  former  is  chiefly  in 
March  and  February,  as  at  Ballantrae  Bank  in  the  Clyde,  and  at  the 
mouth  of  the  Firth  of  Forth ;  the  latter  is  chiefly  in  August  and  September. 

Mr.  Jeffrey,  the  Fishery  Officer  at  Peterhead,  who  has  had  great 
experience,  tells  me  that  on  this  part  of  the  east  coast  (Aberdeenshire) 
the  autumn  and  summer  spawning  season  varies  very  little,  and  that  the 
principal  time  may  be  safely  set  down  as  extending  from  the  middle  of 
August  to  the  end  of  the  first  week  in  September,  though  small  shoals 
may  spawn  a  little  before  and  a  little  after  the  period  stated.  With 
regard  to  the  winter  or  spring  fishing,  very  little  is  done  on  the  Aber- 
deenshire coast,  but  the  fishermen  agree  that  the  herrings  taken  in  January 
and  February  are  well  developed,  and  that  they  spawn  in  March. 

This  is  also  the  experience  at  Ballantrae  and  the  Firth  of  Forth,  and 
I  think  March  may  bo  sot  down  as  the  chief  spring  month  for  spawning, 
though  it  extends  from  the  latter  part  of  January  into  April.  It  is 
probable  that  the  height  of  the  spring  spawning  is  separated  from  the 
height  of  the  autumn  spawning  by  something  less  than  six  months, 

*  Dr.  Redeke,  Scientific  Advifler  on  Fisheries  to  the  Dutch  Government,  kindlv  informs 
me  there  is  no  eridence  that  the  fish  was  examined  by  a  competent  person,  and  he  does 
not  attach  any  Tahie  to  the  record. 
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and  tlie  latter  from   the  spring  spawning  in  the  following  year  by 
rather  more  than  six  months. 

Too  much  stress  perhaps  is  laid  on  the  fact  that  spawning  herrings 
may  be  obtained  in  most  months  of  the  year.  There  is  evidence  to  show 
that  among  several  other  fishes  individuals  may  be  found  fully  mature 
at  times  more  or  less  remote  from  the  spawning  period.  On  Forne  parts 
of  the  coast,  moreover,  the  limits  of  the  normal  spawning  period  of  the 
herring  may  be  earlier  or  later  than  what  I  have  stated.  But  that  the 
spawning  season  is  a  brief  one,  both  in  spring  and  autumn,  is  shown  by 
the  separation  of  the  age-groups,  contrasting  in  this  respect  with  most 
other  species. 

5. — ^Thb  Duration  op  Embryonic  Development:  Relation  to 

Temperature. 

The  period  of  *'  incubation,"  from  the  deposition  and  fertilisation  of 
the  eggs  until  the  young  herrings  hatch  out,  varies  according  to  the 
temperature  of  the  water,  which  appears  to  bo  by  far  the  most  mportant 
factor.  It  is  desirable  to  consider  the  point,  because  it  furnishes  a  clue 
to  the  period  when  the  mass  of  the  larvae  escape  into  the  water  and  begin 
independent  life  and  growth. 

Many  observations  have  been  made  as  to  the  hatching  of  the  eggs  of 
the  herring  at  different  temperatures,  and  I  append  a  Table  in  which  I 
have  set  down  a  number  of  them. 


Place. 


Firth  of  Forth, 
Clyde,  . 


ff 


Plymouth, 

Zuiderzee, 

Bohiulan, 

Norway, 

Stockholnilan, 

Miirkd, . 

Northumberland, . 

Demnark, 

Clyde,  , 

Stockbolralan, 

Kiel, 


Season. 


February,  March, 
March, . 
March- April, 
January, 
April,    . 
Spring, . 
Spring, . 


t 

>» 


August, 


September, 
August, 
Autumn, 
Spring  April, 


it 


M 
>» 


Temperature. 
F. 


(40-41) 

41-44 

(40-45-5) 

48 

48-9 


52-68 

54 

57-59 

50-51 

64-4-68 

51-8-53  6 

35-6 

32 


Number  of 
Days  to 
Hatch. 


25-80 
18-22 

26 
12-14 

12 

24 

24 

14 

14 

8  9 

»-10 

8-10,  13 

6-8 

11 
8-10 

11 
28-34 

47 


Authority, 


Allman. 

Ewart. 

Dannev'g. 

Cimningnam. 

Hoffmann, 

Malm. 

Boeok. 

Sundevall, 

Ekstriim. 

Cunningham. 

Kriiyer. 

Ewart. 

Sundeyall. 

Meyer. 


The  last  entries  refer  to  experiments  by  Meyer. 

It  is  obvious  from  the  Table  that  the  period  of  "  incubation "  varies 
greatly,  and  that  in  the  case  of  spring  or  winter  spawners  the  duration  is 
much  longer  than  with  the  autumn-spawning  fish. 

At  the  spawning-grounds  near  the  mouth  of  the  Firth  of  Forth  the 
temperature  of  the  bottom  water  in  the  various  months  is  as  follows  : — 

Jan.  Feb.  Mar.  April.  May.  June.  July.  Aug.  Sept.  Oct  Nov.  Dec. 
Surface,  .  41*6  4««S  4M-1  43*1  46*8  512  541  ftft'l  M*l  ftl*S  47*8  44*4 
Bottom,  .    42-8    W    3f«    41*9    448    46-6    50*0    59*%    ftS-l    51*4    48*6    45.2 

It  has  been  mentioned  by  Huxley  (1)  as  a  point  of  interest  that  he 
met  with  no  case  of  full  or  spawning  herrings  during  the  solstitial  months, 
viz.,  June  and  December ;  but  it  is  perhaps  of  more  interest  to  note  that 
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the  spring  herrings  spawn  when  the  bottom  water  is  the  coldest  of  the 
year  and  the  autumn  spawuers  when  it  is  the  warmest  of  the  year. 

The  efifcct  of  the  difference  on  the  rate  of  development  in  the  eggs  mast 
be  considerable.  From  the  Table  given  above  it  may  be  inferred  that  the 
eggs  of  the  spring  iish  take  from  about  25  to  30  days  to  hatch  iu 
February  and  March,  while  the  eggs  of  the  autumn  spawners  hatch  in  9 
or  10  days,  or  approximately  in  a  third  of  the  time.  One  must  therefore 
add  these  numbers  to  the  date  fixed  for  the  maximum  spawning  in  order 
to  determine  the  period  when  most  of  the  larval  herrings  appear  in  the 
water.  In  the  case  of  the  spring  fish  the  period  is  about  the  middle  of 
April,  and  in  the  case  of  the  autumn  fish  it  is  about  the  second  week  of 
September. 

The  advantage  to  the  autumn  herring  in  respect  of  the  quicker  develop- 
ment in  the  egg  is,  however,  compensated  by  the  difference  in  the  tem- 
perature to  which  the  young  growing  herrings  are  soon  exposed.  With  the 
spring  fish  the  temperature  is  a  rising  one,  favourable  to  growth,  for  many 
subsequent  months,  while  with  those  hatched  in  autumn,  the  temperature 
is  a  falling  one,  especially  at  the  surface,  and  thus  less  favourable  to 
growth. 

How  long  it  may  take  in  some  instances  for  the  young  of  the  spring 
herring  to  reach  even  a  small  size  is  shown  by  an  experiment  of  Mr. 
Harald  Dannevig.  On  13th-14th  March  he  fertilised  some  herring  eggs 
and  brought  them  to  the  Marine  Liaboratory  at  Aberdeen,  where  they 
hatched  on  9th  April,  after  an  ''  incubation "  period  of  26  or  27  days. 
The  larvae  then  measured  8mm.  in  length.  The  yolk  was  not  absorbed 
until  9  days  later,  and  23  days  after  hatching  the  post-larvae  measured 
only  10mm.  In  this  case  49  or  50  days  elapsed  (viz.,  13th-14th  March- 
2nd  May)  before  the  young  herring  measured  f-ths  of  an  inch,  thus 
offering  a  great  contrast  to  the  results  of  Meyer,  but  in  the  latter  case  the 
temperature  during  the  experiment  was  not  the  same  as  at  Aberdeen. 
Much  stress  cannot  be  put  upon  the  experiment,  but  Mr.  Dannevig 
is  skilful  in  rearing  post-larval  fishes,  as  his  success  with  the  plaice 
shows. 

The  difference  in  temperature  between  the  bottom  and  surface  water, 
above  shown,  no  doubt  explains  the  fact  that  the  larvae  in  spring  soon 
seek  the  upper  layers,  while  in  autumn  they  do  this  to  a  very  small 
extent,  the  later  larvae,  as  Masterman  says,  appearing  never  to  leave  the 
bottom,  but  to  migrate  shorewards  at  once,  without  an  intermediate 
journey  through  the  mid-water  and  surface  layers. 

The  young  herring  when  it  is  hatched  is  of  a  length  ranging  from 
5*2mm.  to  8'8mm.  (^-f  inch),  and  the  yolk  disappears  in  from  three  or 
four  days  to  a  week ;  traces  may  be  found  in  larvae  measuring  over  9mm. 

It  may  be  mentioned  that  the  larva  of  the  sprat  is  3-3*7mm.  when 
hatched,  and,  according  to  Ehrenbaum,  the  length  when  the  yolk  is 
absorbed  (in  about  a  week)  is  4*7mm.  They  may  thus  be  easily 
separated  in  some  collections. 


6.— A  Criticism  of  Mbybr'b  Conclusions  and  Obsbrvations. 

Before  dealing  with  the  collections  of  herrings  given  in  the  Tables 
appended  to  this  report,  it  may  be  well  to  consider  some  general  results 
as  to  the  growth  of  fishes  deduced  from  my  researches  with  a  number  of 
other  species,  and  how  they  bear  upon  the  statements  concerning  the 
growth  of  the  herring  above  quoted,  and  more  especially  those  of  Meyer 
and  Jenkins. 
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Meyer,  as  we  have  seen,  came  to  the  conclusion  that  the  herring  at  the 
end  of  ahout  six  mouths  reached  a  length  of  approximately  70mm.to80mm. ; 
at  the  end  of  the  first  complete  year  a  length  of  130mm.  to  140mm.,  and  at 
the  end  of  the  second  complete  year,  when  he  supposed  it  to  attain  to 
maturity,  a  length  of  160mm.  to  170mm. 

The  amount  of  growth  in  length  in  the  first  year  was  thus  130mm.  to 
140mm.  (5^-5^  inches),  while  in  the  second,  and,  be  it  noted,  before  sexual 
maturity,  it  was  only  30mm.  (1  ^^  inches).  In  other  words,  about  82 
per  cent,  of  the  growth  in  the  period  anterior  to  sexual  maturity  is 
represented  as  occuring  in  the  first  half  of  the  period  and  only  18  per 
cent,  in  the  second  half,  a  result  totally  opposed  to  what  happens  with 
other  fishes. 

Jenkins,  as  we  have  seen,  also  working  on  the  herrings  of  Kiel  Bay, 
by  studying  their  otoliths,  reduces  somewhat  the  rapidity  of  growth 
as  brought  out  by  Meyer.  He  makes  the  sizes  of  the  annual 
groups  somewhat  less  than  Meyer,  and  puts  the  period  of  maturity  at  the 
third  year  instead  of  the  second,  increasing  the  size  at  first  maturity  by 
some  SOcm.  He  also  gives  the  annual  sizes  up  to  the  fifth  year,  when 
the  herrings  are  between  9  and  10  inches  in  length.  Thus,  taking  the 
average  sizes  as  given  by  Jenkins,  we  have  the  following  increments  per 
annum  before  maturity. 

Percentage  Increase  on   | 
Total  Length  at  Maturity. 


Again,  if  we  consider  the  growth  each  year  as  related  to  the  total 
growth  in  the  five  years  as  given  by  Jenkins,  we  have  the  following : — 


Year. 


1, 

*) 

■•» 

3. 
4, 
5. 


Percentage  Increase  on 

Total  Length  at  5 

Years  of  Age. 


241 


20 


48-5 
17-8 
14-1 
11 -2 
8-3 


Thus,  according  to  these  results,  the  herring  grows  in  its  first  year 
(though  not  sexually  mature  till  its  third  year)  almost  half  of  the  total 
length  it  attains  at  the  end  of  its  fifth  year. 

The  conclusion,  I  think,  is  obvious,  that  both  Meyer  and  Jenkins  have 
jumped  at  least  a  year,  and  that  the  herring  at  135mm.  or  117mm.  is 
much  more  than  one  year  old. 

We  are  now  tolerably  well  acquainted  with  the  growth  of  several 
species  of  fish,  and  in  all  of  them  the  growth  in  each  year  anterior  to  the 
occurrence  of  sexual  maturity  is  fairly  comparable  in  extent ;  very  often 
thea mount  of  growth  in  the  first  year  is  somewhat  greater  than  in  the 
others,  and  it  diminishes  slightly  with  each  successive  year;  though 
observers  do  not  always  agree  about  this, 

V 
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The  difiference  referred  to  may  be  brought  out  by  the  following 
diagram,  showiog  in  proper  relation  the  annual  growth  of  the  long  rough 
dab  and  whiting  up  to  sexual  maturity,  and  of  the  herring  according  to 
Meyer  and  JeukiuH  up  to  the  same  period. 

1  2 

I I         I  Herring  (Me  jer). 

1                                 2  8 

I I I  I  Herring  (JenkinsX 


Whiting. 


I I I I  Long  Bough  Dab. 

Meyer's  methods  of  determining  the  size  of  the  herrings  living 
naturally  in  the  sea  were  unsatisfactory,  and  wore  unlikely  to  furnish  a 
just  estimate  of  the  average  size  or  of  the  true  rate  of  growth,  and  his 
experiments  are  subject  to  important  reservations,  since  only  selected 
results  are  given,  and  not  full  details  or  numbers ;  and,  moreover,  too 
much  stress  was  laid  on  the  amount  of  growth  in  the  summer  months  as 
a  factor  in  computing  the  amount  of  growth  for  the  whole  year. 

Thus,  the  growth  of  the  herrings  in  the  Schlei,  as  determined  by  him 
for  comparison  with  his  later  rearing  experiments,  amounted  to  only 
48-54mm.  (l|-2J  inches)  over  the  five  summer  mouths,  or  an  average  of 
just  10mm.  per  mouth,  aud  the  herrings  which  he  reared  grew  to  a 
similar  extent  over  the  period.  But  the  temperature  in  these  months  is 
the  highest  in  the  year,  the  means  ranging  from  51*2  F.  for  May  to  67*2 
F.  for  August,  and  in  no  other  month,  except  May,  was  it  under  61*5  F. 
Then,  again,  in  the  best  of  his  experiments,  in  which  the  young  herrings 
were  kept  in  a  floating  box  for  50  days,  the  growth  was  at  the  mean  rate 
of  9 '6mm.  (g  of  an  inch)  per  mouth,  but  the  months  were  at  the  end  of 
June  and  July,  the  mean  temperature  in  the  latter  month  being  66*2  F. 

Compare  these  reasonable  results  with  his  results  in  winter,  derived 
from  the  comparison  of  herrings  from  the  sea,  as  shown  in  another  Table. 
We  find  that  from  the  end  of  November  to  the  end  of  March  (when  with 
many  fishes  growth  is  quite  arrested  aud  always  very  slow)  the  indicated 
growth  in  the  four  months,  December  to  March,  amounted  to  48mm.,  or 
12mm.  a  month,  which  is  higher  than  in  summer,  a  result  that  is 
obviously  fallacious.  And  yet  the  average  size  when  a  year  old  is  placed 
at  135mm.,  a  size  which  appears  to  have  been  inferred  from  five  months' 
growth  at  10mm.  per  month  and  seven  months*  growth  at  12mm.  per 
month. 

In  point  of  fact,  as  shown  in  my  various  papers  on  the  rate  of  growth 
of  fishes,  as  in  the  one  iu  the  present  report,  growth  in  summer  greatly 
exceeds  the  growth  during  the  rest  of  the  year,  while  it  is  extremely 
small  in  the  period  from  October-November  to  February-March.* 

*  Here  are  a  few  examples.  The  growth  of  yoirng  haddocks  from  31st  July  to  10th 
September  (41  davs)  amounted  to  3o'6mm.,  or  at  a  rate  of  '94mm.  per  day,  or  29mm. 
per  month ;  from  Slst  July  to  the  18th  October  (79  days)  they  increased  by  61'lmm.,  or 
at  a  rate  of  •77mra.  per  day,  or  about  24mra.  per  month  ;  over  part  of  winter,  from  28Ui 
November  to  16th  January  (48  days)  tho  increase  was  3'7mm.,  or  at  a  rate  of  '08mm.  per 
day,  or  2'4  per  month.  Another  series  increased  by  28*6mm.  in  the  41  days  from  24th 
July  to  3rd  September,  the  rate  being  7mm.  per  day,  or  2lmm.  per  month.  Over  winter 
and  spring  another  series  increased  in  164  days,  from  18th  December  to  30th  May,  by 
38*9mm.,  or  at  a  rate  of  -2mm.  per  day,  or  6'4mm.  per  month,  and  tho  period  included 
April  and  May,  which  is  one  of  the  most  favourable  months. 

With  ths'young  whiting,  whose  habitat  more  nearly  resembles  that  of  the  young  herring, 
the  retardation  in  winter  aud  the  rapid  growth  in  summer  are  marked.  From  June  to  the 
middle  of  September  one  set  of  observations  shows  a  growth  of  *5mm.  per  day,  or  15*8mm. 
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In  the  shallow  waters  on  the  beach,  it  may  be  entirely  arrested,  as  with 
small  flat-fishes,  while  the  growth  of  young  whiting  is  very  greatly 
diminished — it  grows  at  least  fifteen  times  faster  in  the  summer  months. 
Young  herring  inhabit  the  same  coastal  waters,  and  must  be  affected  in 
a  similar  way  ;  and  an  estimate  of  the  average  size  of  the  one-year  old 
herring  from  Meyer's  own  observations  above  referred  to,  qualified  by 
these  facts,  would  reduce  the  size  very  materially. 

I  think  there  is  little  doubt,  at  all  events,  that  Meyer's  conclusions  as 
to  the  rate  of  growth  of  the  herring,  which  have  so  long  held  the  field, 
are  fallacious. 

Jenkin's  results  are  based  on  a  study  of  the  otoliths,  which,  as  he  says, 
cannot  tell  the  precise  age  of  a  fish,  but  only  within  certain  limits.  So 
far  as  my  somewhat  limited  experience  goes  as  to  the  utility  of  the 
markings  on  the  otoliths  of  the  herring  as  a  clue  to  the  age  of  the  fish,  it 
has  led  me  to  the  belief  that  there  is  considerable  scope  for  erroneous 
conclusions,  especially  with  the  younger  forms.  It  appears  to  me 
probable,  on  the  above  grounds  alone,  that  Jenkins  has  not  succeeded  in 
separating  the  first  year's  fish  from  the  second  year's,  and  that  the  size 
he  gives  as  approximately  that  of  a  one-year-old  (117mm.)  is  nearer  the 
size  of  a  two-year- old  herring. 

His  observations  on  the  older  herrings  are  valuable,  and  it  is  of  interest 
to  note  that  he  makes  a  herring  of  2r7cm.  to  22*5cm.  (SJ^  to  8 J  inches] 
approximately  four  years  old,  and  one  of  23*7cm  to  24*5cm  (9|  to  9j 
inches)  approximately  five  years  old 

He  gives  an  interesting  diagram  (16,  p.  95)  of  the  curves  based  on  the 
detenninations  of  different  observers.  The  point  alluded  to,  the  exaggera- 
tion of  the  6rst  year's  growth,  is  well  indicated,  and  the  curve  exhibiting 
Meyer's  results  shows  a  deflection  at  the  end  of  the  first  year  which 
would  not  apply  to  any  other  fish. 

The  curves  of  Ljungmann  (who  calculated  the  year-old  herring  to  be 
from  65cm.  to  90cm  in  length)  are  devoid  of  this,  except  between  the 
second  and  third  year,t  and  it  is  noteworthy  that  the  prolongation  of  the 
curve  of  Ljungmann  and  of  the  curve  showing  Masterman's  conclusions 
meet  Jenkin's  curve  in  the  fourth  year. 

7. — The  Scottish  Collections. 

The  collections  have  been  made  during  the  last  Qve  or  more  years  at 
various  seasons,  and  mostly  in  Aberdeen  Bay,  the  Moray  Firth,  and  the 
Firth  of  Forth. 

The  measurements  arranged  in  *5  centimetre  groups  are  given  in  Tables 
I.-III.,  appended  to  this  paper. 

per  month ;  another  from  30th  May  to  tho  early  part  of  October  show  increments  of 
'5mm.  per  dav,  or  16*8  per  month ;  another  in  July  and  August  show  increments  of  '9mm. 
per  day,  or  28'5  per  month  ;  a  fourth  set  show  increments  in  June  and  July  of  '66mm. 
per  day,  or  20*5  per  month.  On  the  other  hand,  in  the  winter  and  spring,  we  have  the 
lollowing : — From  21st  December  to  end  of  May  an  increase  of  IT'lmm.,  or  at  a  rate  of 
'107mm.  per  day,  or  3'4mm.  per  mouth— most  of  this,  no  doubt,  in  May  ;  18th  October 
to  15th  January,  '045mm.  per  day,  or  l'4mm.  per  month  ;  6th  November  to  17th 
December,  l'5mm.,  or  '037  per  dav,  and  I'lmm.  per  month  ;  29th  November  to  15th 
January,  2'3mm.,  or  '048mm.  per  day,  or  1*4  per  month.  These  ohsenrations  are  based 
on  the  measurements  of  many  thousands  of  fisn. 

In  the  deeper  water  it  may  be  shown  that  the  growth  in  the  earlv  months  is  less 
retarded,  as  with  haddock,  whiting,  and  witches,  and  no  doubt  also  with  mackerel  and 
other  fuihes,  which  withdraw  to  the  deeper  and  warmer  layers  in  winter,  but,  as  elsewhere 
remarked,  there  are  not  yet  sufficient  temperature  observations  with  which  to  correlate 
the  observations  on  growth,  those  taken  on  the  Quarterly  Cruises  in  the  International 
Investigations  being  useless  for  fishery  investigations  such  as  these. 

f  Due  to  miaajpprehension  of  his  measurements,  a  mistake  also  made  by  Meyer,  who 
took  Ljnnffmann  s  measurements  as  measurements  of  the  total  length,  whereas  they 
excladed  tne  caudal  fin. 
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(a)  Larval  and  Poet-Larval  Stages, 

Considerable  collections  of  larval  and  small  post-larval  clapeoids  and 
herrings  were  obtained  by  the  ** Garland"  daring  the  years  she  was 
engaged  in  the  Forth  and  a4Joining  waters,  which  have  been  tabulated  in 
the  Board's  Reports*  by  various  workers.  In  Professor  Mcintosh's 
tablest  referring  to  the  pelagic  fauna  of  St.  Andrews  Bay,  various  young 
clupeoids  are  tabulated,  and  a  large  number  also  in  the  paper  by  Master- 
man  previously  mentioned. 

It  is  important  to  determine  the  rate  of  growth  of  the  herring  in  the  early 
stages,  first  of  all,  and  I  have  therefore  brought  together  in  the  table 
subjoined  most  of  the  measurements  contained  in  the  lists  referred  to, 
those  given  by  Masterman  in  his  paper  and  by  Mcintosh  in  his  tables, 
as  well  as  those  in  the  later  collections  of  the  Fishery  Board.  M'Intueh 
states  that  towards  the  end  of  March  myriads  of  young  clupeoids, 
apparently  herrings,  throng  the  lower  part  of  the  water  in  St.  Andrews 
Bay.  They  had  probably  only  escaped  from  the  eggs,  though  the 
absence  of  the  yolk-sac  in  many,  and  the  presence  of  well-marked 
embryonic  fin-rays,  showed  that  they  were  some  days  old.  He  also 
states  that  in  this  month  numerous  young  sprats,  from  1|  to  1|  inches 
(34mm.  to  45mm.),  were  captured  in  the  mid-water  net. 

A  pr^is  of  the  collections  examined  by  Masterman  shows  the 
following : — 

In  January  (19th,  20th)  eleven  herrings  measured  from  42mm.  to 
56mm.,  the  average  size  being  48mm.  to  49mm.  (l^^  inches).  According 
to  Mastermsn's  tables  showing  the  increments  of  growth  per  month,  these 
are  much  too  large  to  be  the  autumn  herrings  of  the  year  before,  which  at 
the  period  would  measure,  on  his  scale,  only  about  30mm.,  or  less ;  and 
they  correspond  rather  to  the  spring  herrings  of  the  previous  year,  which 
at  nine  months  would  be  about  50mm.,  and  this  would  take  them  back  to 
May  ;  if  referred  to  April,  they  ought  to  be  about  54mm.  They  cannot 
be  sprats,  for,  apart  from  diagnosis  at  that  stage,  the  sprats  in  March,  as 
stated  above,  measure  only  34mm.  to  45mm.  The  evidence  obtained 
by  myself  supports  the  view  that  they  are  the  herrings  of  the  previous 
spring. 

In  February  (19th)  nine  herrings  from  35mm.  to  41mm.  (1|  to  1^ 
inches),  and  with  a  mean  size  of  37*3mm.  (1^  inches),  were  caught. 

On  Ist  March  eleven,  from  33mm.  to  39mm.;  on  7th-2l8t,  ten,  from 
26mm.  to  44mm. ;  and  on  3 Ist,  one  of  40mm.,  were  taken,  making 
altogether  for  the  month,  22,  from  26mm.  to  44mm.,  with  a  mean  of 
about  35mm.  (1|  inches). 

In  April  (2nd-18th)  twelve  measured  from  32mm.  to  49mm.  (all  but 
the  two  smallest  on  18th),  the  average  being  42*3mm.  (1|^  inches). 

All  these  were  quite  distinct  from  the  young  herrings  that  appear 
about  this  time,  to  be  referred  to  below,  and  with  these  we  have  the 
following  larger  forms,  viz. — (1)  14th  to  3  Ist  March,  seven  herrings, 
from  79mm.  to  103mm.,  with  an  average  length  of  95'6mm.  (3|  inches), 
and  on  29th  April  one  at  110mm.  (4§  inches). 

In  January-March  we  have  thus  three  groups  of  these  older  clupeoids 
— (1)  Those  in  January,  with  an  average  of  48mm.  to  49mm.,  belonging 
to  the  previous  spring;   (2)  in  February,  March,  and  April,   a  group 

•  8th,  p.  270 ;  9th.  p.  834  ;  10th,  p.  300,  by  Professor  M*Into«h  ;  and  the  others  in 
the  11th,  p.  250;  12th,  pp.  298,  300;  13th,  p.  268;  Hth,  p.  223;  16th,  p.  246,  by 
Maitemiaii,  Ta^h,  WillianiNon,  Wallace,  and  Kyle. 

t/Mrf.,  7th,  p.  267  ;  11th,  p.  284. 
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from  26mm.  to  49mm.,  derived  from  the  previous  autumn ;  and  (3)  in 
March  a  group  from  79mm.  to  103mm. 

According  to  the  rate  of  growth  deduced  by  Masterman,  the  larger 
herrings,  measuring  about  96mm.,  would  be  approximately  19  to  20 
months  old,  which  would  refer  them  back  to  the  autumn  fish,  two  years 
before. 

In  March,  as  mentioned  above,  the  larval  herrings  begin  to  appear. 
The  earliest  in  the  tables  is  3rd  March.  From  3rd  to  7th,  five  measured 
5mm.  to  8mm.;  on  14th,  135  measured  from  6mm.  to  9mm.;  from 
26th  to  31st,  5804  measured  from  6mm.  to  11mm.,  the  range  during  the 
month  being  from  5mm.  to  11mm.  Great  hauls  were  taken  on  30th 
March  1889,  so  much  so  that  the  bottom-net  had  to  be  disused.  In  April, 
from  2nd  to  11th,  716  measured  from  6mm.  to  11mm. ;  from  11th  to  2l8t, 
108  were  from  7mm.  to  14mm. ;  from  21st  to  28th,  39  were  from  5mm. 
to  16mm.,  the  progress  in  growth  being  shown  by  the  larger  sizes,  the 
maximum  for  the  month  being  16mm.  (|  inch),  and  the  range  from  5mm. 
to  16mm.  In  this  month,  however,  a  complication  is  introduced  by  the 
appearance  of  larval  sprats. 

Up  to  April,  and  well  into  that  month,  there  seems  to  be  little  or  no 
difficulty,  owing  to  the  limit  of  the  spawning  period  of  the  sprat. 
Masterman,  in  describing  the  pelagic  eggs  collected  by  the  "  Garland " 
over  a  series  of  years,*  states  that  the  extreme  limits  of  the  spawning 
period  of  this  fish,  as  inferred  from  the  eggs  obtained,  were  from  23rd 
March  to  19th  August,  both  in  the  same  year  (1891).  The  earliest  dates 
in  other  years  were  6th,  14th,  17th,  24th  April,  and  at  first  very  few 
were  got.  The  chief  spawning  time  is  from  the  middle  of  May  on 
towards  the  end  of  June. 

It  would  be  remarkable  if  all  the  early  post-larval  sprats  were 
separated  from  the  early  post-larval  herrings,  and  from  the  latter  part  of 
April  the  possibility  of  this  disturbing  factor  has  to  be  considered.  From 
the  Table  given  below,  however,  it  appears  that  this  disturbance  cannot 
be  serious,  for  in  the  months  when  sprats  ought  to  be  appearing  in 
greater  numbers  (June-July)  clupeoids  are  remarkably  scarce. 

On  May  2nd  five  clupeoids  measured  from  10mm.  to  17mm.  (|  to 
W  inches),  and  are  clearly  herrings ;  in  the  period  14th  to  31st,  28 
measured  from  5mm.  to  25mm.,  but  there  appear  to  be  again  two  groups, 
viz. — 13  from  5mm.  to  8mm.,  and  15  from  13mm.  to  25mm.,  which 
show  the  continued  growth  of  the  young  herring ;  at  the  end  of  May 
the  herrings  are  17mm.  to  22mm.  (up  to  J  inch),  and  as  the  one  at 
25mm.  was  taken  on  16th,  it  is  probable  the  limit  is  greater  and  slightly 
exceeds  one  inch. 

The  herring  at  this  period  and  size  may  be  approaching  three  months 
of  age.  At  a  nearly  corresponding  stage,  Meyer's  Baltic  herrings  (but  at 
the  end  of  July,  with  higher  temperatures)  were  30mm.  to  35mm.  (1^  to 
1|  inches) ;  those  in  the  sea,  as  he  inferred,  being  45mm.  to  50mm. 

In  June  (9th,  10th)  only  three  were  got ;  one  at  13mm.,  the  other 
two  measured  20mm. 

In  July  (9th)  two  alone  of  the  smaller  were  caught,  measuring  16mm. 
There  are,  however,  a  series  of  25,  extending  from  28mm.  to  37mm.,  the 
average  size  being  32- 1mm  {\\  inches).  These  can  only  be  regarded  as 
the  spring  herrings,  now  over  three  months,  and  it  may  be  four  months 
old — months,  too,  very  favourable  for  growth. 

There  are  four  other  herrings  which  were  taken  on  the  same  date,  vie., 
one  57mm.,  two  59mm.,  and  one  75mm.,  the  mean  being  62*5mm.  (2^ 
inches).      They  probably  do  not  belong  to  the  same  group,  and  it  is 

*  FyftwiUh  A  nnual  Repari,  Part  III.,  p.  233. 
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worth  considering  their  origin.  They  could  scarcely  belong  to  the  spring 
fish  of  the  year,  whose  growth,  as  we  have  seen,  is  much  slower ;  the  two 
smaller  might  be  referred  to  the  previons  autumn,  and  would  thus  be 
approximately  ten  months  old ;  the  one  at  75mm.  (almost  3  inches)  is  to 
be  referred  to  the  spring  of  the  preceding  year.  According  to  the  rate  of 
growth  given  by  Masterman,  herrings  of  that  average  size,  if  spring 
herrings,  would  be  almost  exactly  twelve  months  old,  and  if  autumn 
herrings,  all  but  twelve  months  old  (61mm.). 

It  is,  however,  to  be  remarked  that  herrings  of  this  size  and  larger 
are  likely  to  escape  from  tow-nets,  especially  when  used  in  daylight,  and 
even  from  the  slowly-towed  and  larger  midwater  net;  and  thus  the 
average  size  of  the  herrings,  except  the  smaller  ones  in  collections 
obtained  in  this  way,  may  be  expected  to  be  somewhat  under  rather  than 
to  exceed  the  true  natural  size  for  the  group. 

If  the  two  smaller  belong  to  the  same  group  as  those  which  had  an 
average  length  of  42'3mm.  on  18th  April,  the  increment  in  the  82 
summer  days  would  amount  to  15'7mm.,  or  a  mean  of  *19mm.  per  day,  or 
5 '9mm.  {\  inch)  per  month. 

In  August  we  come  again  on  the  larval  clupeoids.  M'Intosh  mentions 
them  under  date  2nd,  from  5'^mm.  to  8mm.  In  Masterman's  tables, 
seven  from  5mm.  to  11mm.  are  entered  between  3rd  and  9th  ;  also  two 
at  15mm.  and  one  at  20mm.  From  the  22nd  to  the  30th,  71  measured 
from  4mm.  to  12mm.,  and  one  was  19mm.,  possibly  to  be  referred  to  the 
spring  series.  Omitting  the  larger,  the  average  for  the  71  at  the  end  of 
August  was  6 '7mm.  This  may  be  taken  as  the  size  at  which  the 
autumn  herring  starts  the  beginning  of  September. 

In  September  Mcintosh  notes  the  appearance  of  clupeoids  from  7mm. 
to  13*5mm.,  the  latter  size  only  after  the  middle  of  the  month.  In  the 
table  of  Masterman,  184  are  entered  between  the  4th  and  7th,  of  which 
181  measure  from  4mm.  to  9mm.,  and  are  mostly  6mm. ;  one  is  13mm., 
and  two  are  44mm.  (If  inches),  and  no  doubt  represent  the  herrings 
hatched  in  March  or  April. 

From  13th  to  30th  there  are  70  in  two  series,  (1)  64  from  5mm.  to 
18mm.  and  mostly  about  11mm.,  (2)  6  on  17th  from  36mm.  to  40mm«, 
the  average  being  39*0mm. ;  if  these  are  combined  with  the  two  taken 
earlier,  the  range  is  from  36mm.  to  44mm.,  and  the  average  size  40'2mm. 
(1^  inches). 

These  are  no  doubt  the  spring  herrings,  which  show  an  increment  of 
8  1  mm.  (under  §  inches)  in  the  68  days  (approximately)  from  the  series 
of  9th  July,  or  only  •12mm.  per  day. 

On  the  7th  September  two  other  larger  herrings  were  taken,  measuring 
75mm.  and  80mra.  (3,  3  J  inches),  which  no  doubt  represent  the  older 
series  taken  in  July. 

In  October^  from  the  1st  to  9th,  34  measuring  7mm.  to  19mm.,  and 
mostly  about  13mm.  to  14mm,  are  entered;  from  11th  to  19th,  there 
are  82,  in  three  groupings,  (1)4  at  6mm. — indicating  a  late  spawning — 
(2)  66  from  12mm.  to  20mm.,  most  about  17mm.  (\\  inches)  repre- 
senting the  average  size  at  this  period,  and  (3)  12  from  o2mm.  to  41mm., 
taken  on  the  16th  and  18th,  the  average  length  being  33'2mm. 
(1-]^  inches),  or  less  than  those  taken  a  month  earlier.  These  probably 
represent  the  spring  herrings. 

In  November,  the  number  is  greatly  diminished.  From  the  1st  to  the 
8th,  14,  from  14mm.  to  24mm.,  and  averaging  17'3mm.  were  taken; 
and  from  the  16th  to  the  24th,  other  four,  from  19mm.  to  26mm.,  the 
average  length  for  the  18  specimens  being  18*3mm.  (barely  f  inches), 
which  approximately  represents  the  size  of  the  autumn  herring  in 
November,  some  specimens,  however,  attaining  a  little  over  1  inch. 
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In  Deeeinber,  odIj  four  of  this  eeries  were  Ukeo,  vix.,  on  the  3rd,  and  , 
they  measured   15mm.  and  17mm.    There  were  also  foar  at  Simm.,  or 
almost  an  inch  and  a  half,  probably  spring  fish,  as  well  as  one  at 
100mm.,  and  auutlier  at  134mm. 

It  seems  probable,  therefore,  from  these  observations  that  towards  the 
end  of  the  year  the  average  size  of  the  young  autumn  herring,  when  throe 
to  four  months  old,  ia  under  20mm.  (f  of  an  inch),  and  probably  not  much 
over  I  of  on  inch  ;  some  measure  26mm.,  or  slightly  over  one  i^l^h, 

The  spring  herring,  which  is,  however,  1  mm.  to  2i)im.  longer  when  it 
issues  from  the  egg,  grows  quicker,  and  may  even  reach,  as  we  saw,  a  length 
of  an  inch  at  the  end  of  May,  when  they  are  relatively  younger.  This  is 
associated  with  a  favourable  and  rising  temperature,  and  probably  better 
food  enpplies,  since  M'Intoeh  found  traces  of 'diatoms  in  them  in  March 
(25  g,  267),  and  also  Dr.  George  Murray  (26),  ivho  found  Ooiriiiodueiu 
abundant  in  small  post-larval  clupeoids. 

From  these  tables  of  Mastertnan  it  would  appear  that  the  growth  of 
th«  herring  in  its  post-Iarval  stages  is  much  slower  on  the  east  coast  of 
Scotland  than  Meyer  found  it  to  be  at  Kiel. 

"GARLAND'S"  COLLECTIONS  OF  CLUPEOIDS. 
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The  Table  embodying  the  references  to  the  collections  of  the  Garland 
and  the  abore  measurements  shows  generally  the  same  features. 

One  sees  the  various  groups,  the  spring  series  and  the  autumn  series, 
as  well  as  the  older  ones  (B).  At  A,  there  is  no  doubt  about  the  clupeoids 
representing  the  herring,  but  later,  as  at  C,  the  sprat  is  doubtless  present, 
and  the  smaller  fishes  represented  in  July  may  also  be  sprats. 

In  the  Tables  and  curves  appended  to  this  paper  (Tables  I.-III.,  Plates 
XVII.-XIX.)  it  will  be  seen  that  the  groups  of  herrings  are  well 
separated  from  one  another,  comparatively  little  admixture  of  the  spring 
and  autumn  herrings  taking  place — though  it  does  occur — and  the  eluci- 
dation of  the  rate  of  growtu  of  the  herring  would  be  an  extremely  simple 
matter  if  it  were  not  for  the  existence  of  these  two  series,  one  derived 
from  spring  and  the  other  from  autumn. 

In  dealing  with  the  post-larval  herrings,  I  have  had  the  advantage  of  Dr. 
Williamson's  experience  in  their  diagnosis,  and  I  have  to  thank  him  for  his 
assistance  in  this  respect  and  for  measuring  a  number  of  these  collections. 
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'Die  smaller  groups  in  the  collection  are  as  follows,  those  from  Aberdeen 
Bay  being  first  considered  : — 

Ou  Slat  and  22nd  Angust,  10  miles  off  Aberdeen,  at  the  "Doghole," 
22  email  clupeoids  were  obtaiued  in  the  tow-net,  which  may  be  referred 
to  tiie  autumn  spawning.  Thej  measured  from  8mm.  to  11mm.,  the 
ftverage  being  aboat  -fg  of  an  indi. 

About  a  mootli  later,  on  18th  and  20th  September,  194  were  taken  in 
■hallow  water  (up  to  3  fathoms)  in  Aberdeen  Bay.  They  measured  from 
2Imm.  to  44mro.  {^Ij  inches),  the  sisc  of  greiitest  frequency  (modal 
Rse)    being    33mm.,  or  l-^  of  an  inch,  and  the  arithmetic  average 
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34'3mm.  They  were  thus  about  24-25min.,  or  1  inch,  longer  than  the 
group  in  August,  and  clearly  belonged  to  another  and  earlier  spawning, 
that  ie,  to  the  spring  series. 

Two  of  them,  however,  which  measured  21mm.,  might  possibly  belong 
to  the  autumn  herrings.  The  numbers  in  2-millimetre  grouping  are 
these  : — 

20-1    22-8    24-6    26-7    28-9    80-1    82-8    84-6    867    88-9    40-1    42-8    44-6 
2         1         8         6        16        19       8083262420       10         1 

These  young  herrings  would  thus  be  about  5-6  months  old. 

The  autumn  herrings  are  well  represented  in  some  collections  procured 
later  in  the  year.  Thus,  on  2nd  October,  297  measured  from  dmia.  to 
20mm.,  the  average  size  being  about  15mm.  On  3rd  October,  334,  also 
taken  in  Aberdeen  Bay,  measured  from  8mm.  to  27mm.  (Vk-l-jV  i^^^^^)? 
the  size  of  greatest  frequency  being  17mm.,  the  average  16*2mm.,  and 
the  mean  size  17 '5mm.  (|^  of  an  inch).  Two  of  these  herrings,  again, 
probably  belong  to  the  spring  series,  measuring  respectively  26  mm.  and 
27mm.      The  sizes,  arranged  in  2-millimetre  groups,  are  these  : — 


11-12      13-14      16-16      17-18 
28  64  85  107 


19-20      21-22      28-24      26-26      27-28 
47  10  -  1  1 


The  age  of  these  may  be  estimated  at  from  one  to  two  months. 

The  same  group  is  again  well  represented  about  a  month  later,  when 
181  were  taken  on  6th  November,  but  in  a  different  year.  They 
measured  from  12mm.  to  25mm.  (^-1  inch) — the  maximum  size  rather 
supporting  the  suggestion  made  above,  that  the  two  at  26mm.  and  27mm. 
in  the  October  coUection  belonged  to  the  spring  group— and  the  modal 
size  or  mean  was  about  18mm.,  the  average  size  being  18*3mm.  (|  inch). 
The  arrangement,  in  2-millimetre  grouping,  is  as  follows  : — 


M8 

14-16 

16-17 

18-19 

20-21 

22-28 

24-25 

6 

17 

42 

57 

40 

16 

4 

On  the  23rd  December  six  herrings  were  taken,  whose  measurements 
were  as  follows : — 23mm.,  24mm.,  25mm.,  and  32mm.,  33mm.,  36nim. 
(from  -fj-l'i'ff  inches),  and  they  possibly  belonged  to  two  series. 

On  the  12th  of  the  same  month,  and  in  the  same  year,  another  collec- 
tion in  Aberdeen  Bay  numbered  15,  their  sizes  ranging  from  42mm.  to 
50mm.  (lj'^-2  inches),  the  size  of  greatest  frequency  being  45mm., 
while  the  mean  was  46mm.,  and  the  average  46* 5mm.,  or  nearly  If  inches. 

These  probably  represent  the  spring  herrings,  whose  average  size  in  the 
September  collection  was  33mm.,  the  growth  over  the  twelve  weeks 
amounting  to  about  14- 15mm.  (§  inch). 

The  sizes  and  increments  of  these  post-larval  autumn  herrings  may  be 
thus  summed  up : — 


Date. 

Size. 

Increase 

Days. 

Range. 

Average. 

1 

2l8t,  22nd  A\igust, 

Mm. 
8-11 

Mm. 
9-0 

Mm. 

- 

2nd  October,  -     - 

9-20 

16-0 

6 

42 

8rd  October,    -    - 

8-22 

17 

8 

43 

6th  November,    - 

12-26 

1 

18 

9 
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The  next  collection  of  small  herrings  from  Aberdeen  Bay  was  on  24th 
April,  in  another  year.  They  numbered  157,  and  ranged  in  size  from 
41 -46mm.  (l|-lff  inches)— the  modal  size,  the  mean  size  (calculated  on 
the  base-line  of  the  curve)  and  the  arithmetical  average,  all  agreeing  at 
4 3 '5mm.,  or  1|  inches. 

These  herrings  are  clearly  not  those  from  the  previous  spring  series, 
but  from  the  preceding  autumn,  and  they  are  approximately  seven  or 
eight  months  old. 

Small  herrings  were  also  obtained  in  June  i\i  Aberdeen  Bay  in  two 
separate  years.  In  1900  a  shoal  appeared  in  the  Bay  of  Nigg,  apparently 
driven  in  by  coal-fish  (of  which  a  large  number  were  got  in  the  salmon 
stake-nets) ;  fifteen  of  these,  taken  on  the  19th,  were  measured  by  Dr. 
Scott,  who  determined  the  contents  of  the  stomach.*  They  ranged 
between  5*5cm.  and  6'5cm.  (2^-2^^^  inches),  the  mean  length  being  about 
60mm.,  or  2|  inches ;  but  it  is,  of  course,  quite  uncertain  if  they  were 
representative  of  the  shoal. 

Two  of  the  herrings  belonging  to  the  shoal  were  placed  by  me  in  a 
large  glass  carboy,  containing  about  18  gallons  of  water,  and  a  circulation 
maintained.  These  herrings  were  not  attempted  to  be  measured  until 
15th  August,  when  one  was  found  to  be  approximately  73mm.  {2^ 
inches)  and  the  other  83mm.  (3|  inches)  ;  they  were  placed  in  a  narrow 
tube  full  of  sea-water  while  being  measured.  On  the  28th  September 
another  attempt  was  made  to  measure  them,  and  one  was  found  to  be 
83mm.  (3|  inches) ;  but  it  showed  such  signs  of  collapse  that  I  refrained 
from  measuring  the  other  herring,  and  both  of  them  were  lost  some  time 
afterwards. 

If  their  size  was  about  60mm.  on  the  19th  June,  the  indicated  growth 
in  the  two  months  would  be  approximately  13-23mm.  (^-^  inch),  and 
the  growth  of  one  of  them,  assuming  it  to  be  the  smaller  measured  in 
August,  from  the  latter  period  to  28th  September  would  amount  to 
10mm.  for  the  44  days.  These  data  are  obviously  slender  and  uncertain. 
At  all  events,  the  remark  was  a  common  one  at  the  time,  that  the  herrings 
were  growing  very  slowly.t 

In  June  of  another  year  a  series  was  represented  by  24  specimens, 
measuring  from  50mm.  to  60mm.  (2-2|  inches),  the  modal  size  being 
55mm.,  and  the  arithmetic  average  55'8mm.  (2^^  inches). 

On  18th  October,  in  a  large  collection,  there  was  one  measuring  85mm. 
(3|  inches),  the  next,  part  of  a  large  group,  measuring  96mm.  The 
former  was  certainly  in  its  second  year. 

Turning  now  to  the  collections  of  small  herrings  from  other  parts  of 
the  coast,  we  find  corresponding  series. 

In  the  Dornoch  Firth,  on  2l8t  October,  28  post- larval  herrings  were 
taken  in  a  tow-net.  They  measured  from  14mm.  to  20mm.,  the  modal 
size  and  the  mean  being  17mm.,  and  the  arithmetical  average  16*8mm. 
(W  inch).     These  were  from  the  autumn  spawning. 

On  1 1th  November,  48  were  caught  in  a  tow-net,  which  ranged  in  size 
from  13mm.  to  25mm.,  the  mode  and  the  mean  being  19mm.,  and  the 
arithmetic  average  18'6mm.  (|  inch).  On  13th  November,  in  the  same 
year,  156  were  caught  in  tow-nets,  measuring  from  13mm.  to  26mm. 
(^  to  slightly  over  1  inch);  the  modal  size  was  20mm.,  the  mean 
19*4mm.,  and  the  average  19-5mm.  (|  inch).  On  26th  December,  in  the 
same  year,  the  series  is,  perhaps,  represented  by  51  specimens,  measuring 

•  See  Twentieth  Annual  Report,  Part  III.,  p.  630. 

f  A  small  rocklin^  kept  in  the  same  vensel,  lurkinf;^  among  stones  and  weed  at  the 
bottom,  offered  a  striking  contrast  to  the  herrings.  On  15th  August  it  measured  57mm., 
on  28th  September  89mm. ,  and  on  14th  November  97mm.  It  was  fed  with  mu&iels.  On 
tho  other  hand,  the  growth  of  the  common  pipe-fish  (Synpiaihvt  acui)  was  very  slow. 
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from  14mm.  to  34mm.  (r^-lf  inchas),  the  modal  size,  or  size  of  greatest 
frequency,  being  19mm.,  the  mean  24mm.,  and  the  average  23*3mm.,  or 
^  of  an  inch. 

Tlie  collection  seems  to  include  more  than  members  of  one  aeries, 
however,  the  numbers  under  each  millimetre  being  as  follows : — 

14    15    16    17    18    19    20    21    22    23    24    25    26    27    28    £9    80    8]     32    88   84 


12   6   8   5   8   8 


85411822222-1 


The  growth  is  thus  very  slow,  the  increments  being  as  follow : — 


Size. 

Date. 

Increase. 

Days. 

Range. 

Average. 

2l8t  October, 

Mm. 
14-20 

Mm. 
17 

Mm. 

11th  November,         

18-25 

19 

2 

21 

15th  Noeember,          

13-26 

19-5 

2-5 

25 

26th  December,         

14-84? 
[14-26  ? 

22  8? 

20 

5-8? 
80 

66 

66] 

The  sizes,  it  will  be  seen,  agi*ee  very  well  with  the  post-larval  herrings 
from  Aberdeen  Bay  at  corresponding  periods. 

For  the  i*eason  stated,  it  is  probable  that  the  average,  and  therefore 
the  amount  of  growth  in  the  December  series,  is  too  large. 

Near  Burghead  Bay,  on  29th  December,  1903, 56  post- larval  clupeoids, 
measuring  from  15mm.  to  33mm.,  were  taken,  the  modal  size  being 
20mm.,  the  mean  24mm.,  and  the  arithmetical  average  23*3mm  (|^| 
inch).  The  ari-angement  of  the  measurements  under  the  various  milli- 
metres is  as  follows : — 

15    16    17     18    19    20    21     22  '23    24    25    26    27    28    29    30    31    32    88 


12      2      6      5      5 


6 


3      2 


1 


There  are  some  reasons  to  suspect  that  these  clupeoids  may  be  sprats ;  the 
diagnosis  is  therefore  uncertain. 

On  May  28,  a  compact  series,  numbering  31  specimens,  and 
measuring  from  17mm.  to  24mm.  were  taken  in  the  f^rth  of  Forth. 
The  modal  size  was  20mm.,  the  mean  was  20'5mm.,  and  the  average 
20'4mm.,  or  \^  of  an  inch.  These  represent  the  spring  herrings, 
approximately  two  months  old. 

The  autumn  herrings  are  represent^  by  a  collection  taken  at  the 
mouth  of  the  Forth  on  4th  September,  in  the  same  year.  There  were 
48,  measuring  from  6mm.  to  13mm.,  the  modal  size  being  10mm.,  the 
mean  9mm.,  and  the  average  9-7mm.,  or  |  of  an  inch.  The  arrange- 
ment of  the  measurements  of  these  two  collections  in  millimetres  is  as 
follows : — 


6    7    8    9    10    11    12    13    14    15    16    17    18    19    20    21     22    23    24 

-    -    -    -      =      ~      =      =      -      -      =      i      4      2~I()      7      3      2 


2 


-    1  16    17 


In  the  Forth  collections,  the  next  older  series  is  represented  by  one 
herring,  71mm,  (2||  inches)  long,  taken  on  9th  May,  and  by  one  of 
85mm.,  caught  on  1 9th  June. 

In  some  collections  from  the  Firth  of  Clyde,  the  series  is  well 
indicated.      Thus,  on  17th  October,  the  shrimp-trawl,  working  in  from 
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37  to  53  fathoms,  took  91,  measunng  fi-om  2j  to  3i  inches  (57min.  to 
82min.),  most  measuring  from  2 j  to  2|  inches  (63mm.  to  70mm).  The 
measurements  were  carefully  made  to  fractions  of  an  inch,  as  follows : — 


2i 2i_ 


6 


35 


K 


35 


12 


3 H 


One  at  2}  inches  (70mm.)  was  caught  in  the  same  neighbourhood  on 
the  same  day,  and  another  of  70mm.  at  the  mouth  of  the  Clyde  on  23i*d 
November,  while  in  December,  on  the  17th  and  18th,  20  were  taken  in 
Lochfyne,  measuring  from  5*5cm.  to  9cm.,  as  follows : — 


5-5 


6  5 


7  5 


8 


8-5 


9 


Some  of  the  herrings  taken  in  the  Firth  of  Forth  in  previous  years 
by  the  Garland,  which  are  included  in  the  Table  at  the  end  of  the  paper 
(III.),  and  shown  on  Plate  XIX.  by  dotted  lines,  belong  to  the  same 
series.  They  were  measured  by  Tfr.  T.  Scott  in  fractions  of  an  inch, 
and  grouped  together,  and  thus  in  some  cases  it  is  not  easy  to  separate 
them  into  groups.  lu  some  instances,  however,  the  distinction  is  easy. 
They  were  all  taken  in  a  nne-meshed  shrimp  trawl  net. 

The  number  of  hauls  made  was  135,  apportioned  to  the  various 
months  as  follows — the  depths  are  in  fathoms : — 


1889. 

1890. 

1891. 

1892. 

February,  - 
March, 

P :  : 

June,  -    - 
Aug^t,    - 
September, 
October,    - 
DecomUBr, 

No. 

Depths. 

No. 

6 
10 
10 

9 

Df^ptbs. 

No. 

Dcpth«. 

No. 

Depths. 

26 
14 

33 
11 

4  29 
5-28 

6-27 
3-28 
4  24 
5-24 

3 

5-12 

2 
5 

6 

8-5 

6-14 

8-27 

The  pai'ticulars  in  regard  to  the  herrings  taken  are  given  in  the 
following  Table,  the  ordinary  figures  refeiring  to  the  length  in  inches, 
and  those  in  brackets  to  the  corresponding  length  in  millimetres: — 


[Table. 
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Date. 


2l8t  February  1890 
17th    ,,     ,, 
20th 
6th    „    1892 
19th  March  1890 
19th 

2l8t 
2l8t 

22nd 

22nd 

22nd 

20th  Apnl  1892 

26th  „   1890 

28th 

29th 


t> 


»» 


»* 


yy 


It 


29th 


»i   >» 


29th 
9th  May  1889 


»l        !♦ 


»J 
tl 
»» 
»» 
tl 


'I 


IhIm) 


»» 


u 


10th 
nth 
14th 
15th 

7th 

8th 

9th 

5th  August  1891 

3rd  September  1889 

4th 

4th 

5th 

5th 
12th 
13th  „ 

5th  October  1889 
10th 
10th 
16th        „  ,, 

9th  December  1892 
10th 


»» 

1 » 
»• 
»» 
»> 


»» 


If 

»» 


>' 


n 


Depth. 

Fni8. 
24r-27 
6} -9 
11-^14 

5 
20-27 
18-28 
9^-14 

44 
5-6 

4-6 

3-4 

7-8 

4 

18  20 

17 

6-15 

8  10 
4 

6 

11-12 

15 

5 

9 
5-9 
20 

6 

5 
15 
•29 

O 

6 

26 

22 

5 

5 

12 

12 

13-15 

11-14 


Herrings. 


2,     3  (76). 


o 


2,     3i   (89). 


1  at  4  (100). 
12,     3J-5  (90-127). 
3,     44-5  (115-127); 
•240,     \'i-3k   (4,5-69). 
21,     4-5i   (102-140). 

2,  4i-54   (115-140). 
29,    4-5  (10-2-1-27); 

I,  4  (102). 

5,  4i-5i   (115-140);    158,   2i-31   (63-89). 

II,  4i-oi  (115-133);  169,  2^-31  (63-89). 
16,  4-44  (102-115);  14,  3-34  (76-89). 
316,     15-3J   (45-82). 

767,    -2-34  (50-90);     1,     54   (140). 

6,  4-5  (102-127). 

1,     54    (140);     8,    5    (127):     15,     2f-4 

(70-102). 
37,    6  (150);    219,    34-4  (90-102);     786, 

lJ-3  (45-76). 
6,    3-34   (76-89). 
1,    7  (177);     124,    4-5  (102-127);    7.    3 

(76);     24,    24  (63);     30,     2  (50). 
1,    3  (76), 
1,    7  (177);     1,    64  (165);    3,    4^   (108). 

1,  44   (115). 

3,  24   (63).  ' 
6,     44  (115). 

2,  4  (102). 
1,    5   (127). 

3,  3$   (95). 

118,    24-34   (63-89). 

1,  3  (76). 

2.  3  (76). 

14.    2-24   (50-63). 
2294,    24-34   (63-89). 
1,     3  (76). 

1,  3   (76);     1,     2  (50). 
8,     3   (76). 

2,  44   (115);     4,     34   (89);     9,     3   (76).  1 
2-2,    4-44   (102-115). 

2,  34  (89). 

6,     34-4  (89-102).  I 

3,  4i-5  (115-127).  I 


At  least  tbree  annual  series  of  herrings  are  represented  in  these  Forth 
collections.  From  what  has  been  said  above  as  to  the  slow  growth  of 
the  post-larval  herring,  it  is  clear  that  none  of  them  belong  to  the  year 
in  which  they  were  caught,  but  that  the  smallest  of  them  are  in  their 
second  year. 

The  measurements  in  fractions  of  an  inch,  and  the  slumping  of  lots 
together,  are  less  accurate  than  the  separate  measurements  in  milli- 
metres, and  two  separate  series  may  be  mixed  up  together,  but  it 
appears,  on  the  whole,  probable  that  the  smaller  herrings  in  spring 
represent  the  spiing  herrings  and  not  the  autumn  fish.  In  February, 
March,  and  April  their  sizes  range  from  about  45mm.  to  about  89mm. 
or  90mm. ;  the  smaller  sizes  would  suit  well  enough  the  supposition 
that  they  were  autumn  herrings,  but  the  larger  are  much  too  large  for 
that  class  at  that  time  of  year,  and  if  they  are  all  regarded  as  belonging 
to  one  group,  the  group  must  be  looked  upon  as  spring  fish  nearing  one 
year  of  age,  though  the  larger  sizes  are  too  large  for  this  interpretation. 
This  must  be  said,  on  the  balance  of  evidence,  even  regarding  the  large 
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collection  on  29th  Api-il  and  the  collection  on  9th  May,  measuring  in 
the  former  from  45mm.  to  76 mm.  approximately,  and  in  the  latter  from 
50mm.  to  76mm. ;  but  what  has  been  baid  as  to  the  method  of  measure- 
ment and  recording  must  be  borne  in  mind. 

On  the  other  hand,  it  appears  probable  that  the  bulk  of  those  obtained 
in  September,  measuring  from  50nmi.  and  63mm.,  are  autumn  herrings 
of  the  year  before,  and  thus  about  one  year  of  age.  The  important 
point  established,  however,  is  that  all  these  small  herrings  are  in  their 
second  year  and  ai*e  not  derived  from  the  spawning  of  the  same  year. 

The  next  group,  extending  from  about  90mm.  to  127mm.  or  130mm., 
are  one  year  older,  tliat  in  to  say,  they  are  in  their  third  year.  It  is 
possible  that  in  spring  they  may  go  as  high  as  1 40mm.  (5  j  inches),  a 
limit  included  in  the  above  Table,  but  it  is  not  probable,  judging  from 
the  other  collections,  although  in  autumn  the  size  would  be  in  accd^- 
anoe  with  the  collections  referred  to. 

It  will  be  noticed  that  none  of  these  small  herrings  were  taken  in  the 
shrimp -trawl  in  the  latter  part  of  3Iay,  or  in  June.  It  is  not  unlikely 
that  they  leave  the  bottom  for  the  most  part  in  the  early  part  of  May. 
I  may  add  that  no  hernngs  were  obtained  in  fifteen  hauls  of  the  same 
net  in  the  Moray  Fii*th  in  June  and  July. 

A  few  small  herrings  were  also  obtained  from  the  shiimp-nets  used 
in  the  Sol  way  Firth.  On  30  th  July,  nine  were  got,  seven  measuring 
from  60mm.  to  75mm.,  one  83mm.,  and  one  90mm.  The  average  for 
the  nine  fish,  if  taken  together,  is  7 2* 9mm.,  or  2|  inches.  On  28th 
September  three  were  taken,  which  mea8ui*ed  60mm.,  72mm.,  and 
78mm.,  the  average  being  70mm.  (2|  inches);  on  31st  October,  three 
taken  measured  50mm.,  64mm.,  and  81mm.,  the  average  being  65mm., 
or  a  little  over  2|  inches. 

A  summary  of  the  range  of  sizes  of  the  heirings,  both  of  the  spring 
and  of  the  autumn  series,  is  given  in  the  following  Table,  arranged 
according  to  the  data  furnished  by  Master  man  (M.)  and  also  by  the 
collections  of  the  Fishery  Board  (F.  B.). 


[Table. 
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Spi-ing. 

Autumn. 

m 

M. 

F.  B. 

M. 

F.  B.    . 

Mm. 

Mm. 

Mm. 

Mm. 

February, 
March, 

•   • 

5-11 

7-1 1 N 

April, . 
May,   . 
June,  . 

5-16 

5-26 

13-20 

6-17 
7-6-24 
15-26 

July,    . 
August, 
September, 
October, 

16-37 

[11-20] 

36-44 

32-41 

16 

21 -44 
32 

5-12 
4-18 
6-23 

6-14 
6-18 
8-26 

November,  . 

*                           •   • 

•   • 

14-26 

12-29 

December,   . 

;     [37] 

39-50 

15-[37] 

14-34,  36 

Januai-y, 
Febi'uary,     . 

'      42-56 
'         41 

45-'69 

35-37 

27 
31,32 

Mai*ch, 
April, . 
May,   . 

•       • 

1                   *   ' 

(63)-(89) 

(45)-(82) 

71 

26-40 
32-49 

•   • 

41-46 
60-63 

In  the  Fourth  Annual  Rrport  of  the  Fithery  Board  for  ScoUand  Mr.  Dtincan 
Matthews  described  the  young  herrings  found  in  yarioiis  samples  of  whitebait  from  the 
Thames.  His  results  may  be  thus  summarised,  the  words  m  brackets  indicating  m/ 
interpretation  of  the  derivation  of  the  herrings,  which  thus  differs  from  that  of  Cnnning- 
hnm,  who  dealt  with  the  same  olisenrations  of  Matthews  (18,  p.  162). 


Mouth. 


Number 

Herricgs 

Examined. 


RemarkH. 


February 
March, 
April, 
May, 

.1  line, 

July, 
August, 


98 

60 

112 

180 

696 

450 
260 


14 

72 


Some  under  2  inches  (50mm.)  and  only  partially  scaled 

(probably  spring-herrings  of  previous  year). 
Some    roachoGl    nearly   4   inches   (102nim.)    (autumn 

herrings  in  third  year), 
under    1^  inches  (38mm.)    (autumn    herrings    of 

previous  year), 
were    2    inches    (50mm.)    fully    scaled    (autumn 

herring)  and  108  from  l|^-lf  inches  (38mm. -44mm.) 

and  only  partly  scaled  (autumn  herrings). 
417  fully  scaled,  2-2i  inches  (50mm. -57mm.)  (autumn), 

279,  from  1  to  l|  inches  (25ram. -38mm.)  partially 

scaled,  or  entirely  scaleles8  (spring  herrings  of  year, 

but  possibly  two  series). 
1^-2^  inches  (38mm. -6.3mm.),  of  these,  360  under  2 

inches  (50mm.)  (probably  two  series— spring  and 

autumn). 
2-3  inches  (50mm.-76mni.)  (autumn). 


— _____ 

The  usual  difficulties  involved  in  measurements  in  frictions  of  an  inch,  and  slumping, 
is  encountered  here,  though  in  most  cases  the  derivation  of  the  series  seems  clear.  To 
suppose  that  herrings  of  d3  or  55mm.  in  July,  wore  derived *from  the  spawning  in  the 
previous  spring  would  be  contrary  to  the  facts  referring  to  the  Scottish  collectiom*.  The 
spawning-sea%on8  may  differ  to  some  extent  off  the  mouth  of  the  Thames. 

The  observations  of  Hoek  on  the  small  herring  in  the  Zuiderzee  (14),  previously 
referred  to,  would  be  valuable  for  comparison,  but  it  is  clear  that  different  series  have 
been  included  together  in  some  of  the  groiips.  A  summary  of  his  measurements,  in 
millimetres,  is  as  follows  -.—February,  73-100,  most  between  88  and  95 :  March,  49-75 
70-78,  83-114,  77-100,  most  between  85-95,  67-106:  April,  67-102,  "most  part  about 
80"  ;  a  few  days  later.  "  most  of  them  75,"  a  few  about  90 :  May,  many  about  90,  four 
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(6)  The  Annual  Groups. 

In  dealing  with  the  numerous  collections  of  larger  herrings,  it  will 
not  be  necessary  to  refer  to  them  all  in  detail.  The  method  I  adopted 
in  elucidating  the  rate  of  growth  and  the  age  of  the  herrings  in  the 
various  collections  was  as  follows.  After  determining  the  rate  of  growth 
and  the  sizes  for  the  first  and  second  year,  I  set  down  on  a  very  large 
and  long  sheet,  divided  into  centimetre  and  millimetre  squares,  all  the 
other  collections,  showing  the  i*ange  of  sizes  and  the  average  or  modal 
size,  that  is,  the  size  at  and  around  which  the  great  bulk  of  the  herrings 
in  a  collection  were  aggregated.  Very  little  consideration  was  required 
to  allot  almost  all  the  collections  in  a  particular  month  to  the  proper 
year,  and  in  the  accompanying  Table  I  have  represented  the  modal  sizes 
of  the  collections  in  this  manner,  and  also  in  some  cases  (by  a  cross)  the 
sizes  of  individual  herrings  or  small  collections. 

There  are  a  few  general  considerations  that  may  be  referred  to.  The 
collections  were  in  nearly  every  case  made  by  means  of  a  small-meshed 
net  fixed  outside  the  cod-end  of  an  ordinary  large  otter  trawl,  Avhich  was 
dragged  along  the  bottom  for  an  hour  and  more.  Several  miles  of 
bottom  were  thus  trawled  over,  and  this  is  probably  the  explanation  that 
a  mixture  of  herrings  of  different  series  occurs  in  a  few  of  the  collections. 
In  most  instances  this  has  not  happened,  the  groups  being  very  distinct; 
but  in  some  there  are  a  few,  or  many,  herrings  either  larger  or  smaller 
than  the  limits  of  the  series,  and  in  one  or  two  collections  the  spring  and 
autumn  series  seem  to  be  more  or  less  blended.  They  are  referred 
to  below. 

The  larger  fully  adult  herrings  are  not  well  represented  in  the  collec- 
tions, probably  from  their  more  pelagic  habitat.  The  small  herrings  in 
their  second  year  are  also  not  very  fully  represented  until  the  winter, 
doubtless  due  to  the  fact  that  they  were  able  to  escape  through  the 
meshes  of  the  net.  They  are  well  shown,  however,  in  the  collections 
made  in  the  Firth  of  Forth  by  the  Garland,  with  a  fine- meshed  shrimp- 
trawl,  and  also  in  Lochfyne,  as  above  described. 

In  May  cei-tain  collections  of  small  herrings  were  obtained  in  the 
Firth  of  Forth  with  the  small -meshed  net  around  the  otter- trawl.  On 
the  9th,  in  from  7  to  11  fathoms,  161  were  taken.  The  smallest  was  a 
single  herring  measuring  71mm.  (2\'^  inches),  representing  the  herrings 
in  their  second  summer,  and  about  one  year  old,  more  or  less.  The  next 
measured  94mm.  (3|J  inches,  and  was  the  smallest  of  a  group  of  154 
herrings,  apparently  the  largest  of  which  measured  139mm.  (5^  inches). 
The  modal  size  was  112mm.  {4^^  inches),  the  mean  116'5mm.,  and  the 
arithmetic  average  1 14mm.  (4  J  inches).  There  were  other  four  herrings, 
from  142mm.  to  149mm.,  and  a  single  one  at  187mm.  The  four  referred 
to  might  belong  to  the  group  ;  but  the  indications  of  other  series  are 
against  this  view ;  the  series  might,  on  the  other  hand,  so  far  as  the 
xuillimetre  table  indicates,  have  stopped  at  130mm.  or  133mm.  In 
either  case,  the  modal  size  is  unaffected,  and  the  average  but  slightly. 

On  the  10th  May,  twelve  herrings  were  taken,  nine  of  which  were 
from.  117mm.  to  135mm.  in  length,  and  three  from  140mm.  to  15Smm. 

On  the  13th,  the  collection  contained  114  herrings,  forming  a  compact 
series  from  97mm.  to  126mm.,  there  being  another  at  133mm.,  which  is 
taken  as  the  end  of  the  group.  The  modal  size  was  1 14inm.  (4|  inches), 
the  mean  115mm.,  and  the  arithmetic  average  112*3mm. 

If  the  heirings  in  this  group  in  the  three  collections  are  combinetl, 
the  number  is  277,  the  apparent  range  of  sizes  from  94mni.  to  139mm. 
(3^^  to  5 /^  inches),  the  modal  size  llSmm.,  the  mean  1165mm.,  and 
the  average  113'7mm.  (4^  inches). 
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Thea^  herrings,  as  the  other  collections  and  measurements  show,  are 
in  their  third  summer,  and  are  spring  herrings  a  little  over  two  years 
of  age. 

To  this  scries  also  1)elong  nine  herrings  taken  by  the  Garland  on  16th 
May,  measuring  from  about  Ocra.  to  1 2cm. 

In  July  in  the  same  year  a  small  collection  of  hemngs  was  secured. 
There  were  only  eight  of  them,  ranging  in  size  from  109mm.  to  137mm., 
the  mean  being  123mm.  and  the  average  125'4mm.  (4|f  inches). 

In  Aberdeen  Bay  some  large  collections  of  herrings  at  a  corresponding 
stage  were  obtained.  On  Octol>er  18th  they  numbered  444.  There  was 
one  at  85mm.  (3^  inches),  the  next  being  96mm..  and  the  group  to 
which  the  latter  l>elonged  extended  to  about  141mm.  It  contained  429 
herrings,  the  modal  size  of  which  was  115mm.,  the  mean  was  also 
1 15mm.  (4  J  inche?),  and  the  avoi'age  was  1 1 7*5mm.,  or  4 J  inches.  These 
herrings  weit;  thus  of  almost  the  exact  size  of  the  group  caught  in  the 
Forth  in  May,  and  maybe  referred  to  the  autumn  series,  somewhat  over 
two  years  old.  Tlie  group  might  terminate  at  a  slightly  smaller  size 
than  that  indicated,  «.^.,  ir»7mm. ;  on  the  other  hand,  there  were  five 
herrings  measuring  143mm.  to  145mm.,  three  from  151mm.  to  154mm., 
and  one  at  164mm.  It  is  poasible  that  the  first  five  belong  to  the 
group,  but  the  balance  of  evidence  is  against  the  suppo.sition ;  in  any 
case,  the  mode  and  average  would  not  be  appreciably  affected.  All  the 
hernngs  referred  to  probably  belong  to  a  gi'oup,  extending  in  this  case 
from  143mm.  to  187mm. 

Another  large  collection  obtained  on  31st  October,  but  in  the  previous 
year,  was  made  up  of  younger  herrings.  The  curve  of  the  measurements 
(see  Plato  XV IT.)  is  slightly  irregular,  there  being  a  small  depression  at 
about  7'5cm.,  and  two  slight  cu.sps  at  7cm.  and  8cm.  Consideration  of 
other  cases  shows  that  the  group  extends  to  about  9'5cm.,  and  is  really 
one.  The  650  herrings  contained  in  it  extend  from  52mm.  to  about 
95mm.  (2  ^^^  to  3|  inches) ;  the  chief  mode  is  at  8cm.  (3J  inches),  the 
mean  at  73mm.  (2§  inches),  and  the  average  at  77  ^mm.,  or  3^^^  inches. 
These  herrings  are  obviously  tho.se  of  the  year  before,  and  autumn 
herrings,  so  that  they  would  be  about  13  to  15  months  old.  The 
difference  between  this  group  and  the  group  of  the  18th  (in  the  following 
year),  both  of  which  are  supposed  to  be  autumn  hernngs,  is,  on  the 
modes  35mm.,  on  the  means  42mm.,  and  on  the  averages  as  computed 
39*7mm.,  the  mean  of  the  three  being  38'9mm.  (ly^^  inches).  The  mode, 
as  we  liave  seen,  is  not  regular  in  the  collection  of  31st,  and  is  better  at 
7 •5cm.,  which  would  make  the  difference  40mm.  and  the  mean  of  the 
three  comparisons  40*6mm.,  or  1§  inches,  representing  a  year's  gix)wth. 

The  next  group  consisted  of  179  herrings  from  about  96mm.  to 
143mm.,  but  the  larger  individuals  are  not  well  i-epresented.  They 
appear  to  belong  to  the  corresponding  group  so  well  shown  in  the 
collection  of  18th  October.     There  was  a  single  herring  at  157mm. 

On  November  6th  and  9th,  in  three  different  yeai-s  (1900, 1901,  19<»3) 
small  collections  were  obtained,  which  may  be  combined  and  sum- 
marised. Seven  measured  from  75mm.  to  100mm.,  the  computed 
average  being  87 •7mm.  (3^^^  inches) ;  48  ranged  from  102mm.  to  143mm. 
(4  to  5|  inches),  the  computed  average  being  125mm.  (4|j^  inches). 
There  were  also  two  herrings  185mm.  and  188mm. 

On  12th  December,  six  herrings  measured  from  97mm.  to  124mm.  (3|^J 
to  4 J  inches),  the  mean  size  being  110*5mm.  and  the  average  109'3mm. 

On  19th  December,  six,  measuring  from  78mm.  to  95mm.  were 
caught,  the  average  size  being  90'5mm.,  or  Z^^  inches ;  there  were  also 
five  ranging  from  110mm.  to  131mm.,  the  average  being  120mm.,  or 
4|  inches. 
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On  the  18th  December,  a  collection  of  410  herrings  varied  in  size 
from  110mm.  to  165mm.  (4^  to  6i  inches),  the  range  being  thus  56mm. 
The  mean  was  137mm.,  the  average  137"5mm.,  and  the  mode  141mm. 
(a  little  over  5|  inches).  An  examination  of  the  millimetre  table,  or  of 
the  curve  (PI.  XVII.)  shows  that  there  is  in  this  case  a  slight  fusion  of 
two  groups,  and  that  the  beginning  of  the  large  group  is  probably  about 
11  "Sera.  The  2-millimetre  arrangement  of  the  measurements  is  as 
follows — 

109-110        111-2        113-4        115-C        1 1 7  8 119-20        121-2        123-4 

■  1  3  1  3  5'  8  9  17 

At  the  end  of  the  series  the  2-millimetre  arrangement  is  this  :— 

150-1        152-8        154-5        156-7        158-9        160  1        162-3        164-5 
11  12  3  4  3  4  -  1 

the  mode  being  141  nun.,  the  mean  137*5ram.,  and  the  computed  avei'age 
135'9mm.  The  mode  (5/^  inches)  probably  best  represents  the  group. 
These  herrings  are  spring  hen-ings  about  2  years  and  8  or  9  months 
old  ;  those  taken  on  the  1 7th  appear  to  be  the  autumn  series,  about  2 
years  and  3  or  4  months  old.  On  the  29th  December,  1 6  herrings  were 
taken,  from  108mm.  to  154nim. 

A  series  of  older  herrings  than  these  were  caught  in  Aberdeen  Bay  in 
May  and  June,  1901  and  1903. 

On  the  30th  May,  1901,  the  collection  numbered  601,  ranging  from 
1 42mm.  to  2'28mm.j  and  forming  two  series  at  lea.st.  The  first  contained 
598  herring.s,  from  142mm.  to  186mm.  (5gto  7|  inches),  or  it  might  be 
182mm.  The  modal  size  was  159mm.  or  160mm.,  the  mean  164mm., 
and  the  computed  average  162mm.,  or  6§  inches.  These  herrings  are 
in  their  foui-th  year,  and,  judging  from  their  position  in  relation  to 
other  series  on  the  synthetic  table,  they  are  spring  herrings,  and  thus  a 
little  over  three  years  old. 

There  were  other  three  herrings,  measuring  respectively  196mm., 
207mm.,  and  228mm.  (9  inches). 

Two  collections  were  obtained  in  June.  The  first,  on  the  13th  (1 903), 
contained  557  hemngs,  and  three  series  were  present.  The  curve 
(PI.  XVII.)  and  the  millimetre  table  show  that  the  first  great  group  is 
not  pure,  but  is  slightly  mixed  with  the  next  gi'oup  of  larger  herrings, 
represented  on  30th  May  and  on  28th  June,  and  the  measurements  ex- 
tend from  118mm.  to  182mm.,  a  range  of  64mm.,  which  is  too  large. 
The  first  series  begins  at  118mm.,  and  apparently  extends  to  163mm. 
(4^  to  6  inches),  but  it  might  go  to  167mm.  The  2mm.  arrangement  of 
the  measurements  at  this  part  is  as  follows: — 

156-7    158-9    160-1     162-3    164-5    166-7     1C8-9    170-1 
19         17  i:i  C  9  4  6  5 

The  modal  size  of  the  group  is  138mm.  or  139mm.  (5^  inches),  the  mean 
is  140*5mm.y  and  the  compute<l  average  141'8mm.,  or  5f  inches.  This 
group  is  thus  about  2cm.  ( j  inch)  less  than  the  group  on  30th  May,  and 
I  take  it  to  represent  autumn  herrings  in  the  fourth  year,  that  is,  which 
want  about  three  months  of  l>eing  three  years  old.  The  group  of  405 
spring  heiTings,  taken  in  Aberdeen  Bay  on  18th  December,  above 
referred  to,  were  of  about  the  same  age  (2  years  and  9  months)  and  of 
the  same  size  as  these. 

The  spring  herrings  mixed  with  them  number  about  30,  and  range 
from  about  164mm.  to  182mm.  There  were  also  four  herrings  measur- 
ing 208mm.,  223mm.,  225mm.,  234mm. 

On  the  28th  June,  fifteen  days  later,  but  in  1901,  650  herrings  were 
taken  at  Lunan  Bay,  a  little  further  down  the  coast,  in  12:1  fathoms. 
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They  formed  a  compact  group  (PI.  XYII.)  ranging  from  148mm.  to 
192mm.  5\^  to  7^^^^  inches),  the  modal  ^ze  was  167mm.  (6/^  inches),  the 
mean  was  170mm.,  and  the  computed  average  168'8mm.,  or  6|^  inches. 
These  herrings  were  obviously  the  same  series  as  those  taken  on  30th 
May,  that  is,  herrings  in  the  fourth  year,  and  thus,  in  all  probability, 
spring  heirings  somewhat  over  three  years  of  age. 

The  increment  of  length  in  the  29  days  is,  on  comparison  of  the 
modes,  7mm.  to  8mm.,  on  the  means  6mm.,  and  on  the  averages  6'9mm., 
or  a  little  over  |  inch.  The  rate  per  day,  taking  the  increase  at  7mm., 
was  0*241  mm.,  and  per  month  about  7'5mm.,  and  this  in  the  best  period 
foK  growth.  If  a  similar  rate  is  assumed  for  July  and  August,  the 
increase  in  the  three  best  montlis  of  the  year  would  amount  to  a  little 
over  22mm.  (|  inch),  which  contrasts  with  the  growth  of  the  whiting,  as 
indicated  on  a  former  page. 

If  the  group  taken  on  13th  June  is  contrasted  with  the  small  herrings 
got  in  the  Bay  of  Nigg,  Aberdeen,  on  the  19Lh  June,  referred  to 
previously,  whose  average  was  about  60mm.,  and  which  were  also  judged 
to  be  a\itumn  herrings,  the  growth  in  the  two  years  is  seen  to  amount 
to  about  80mm.  (3y\  inches).  If,  moreover,  the  herrings  taken  in 
Aberdeen  Bay  on  30th  May  are  contrasted  with  those  taken  at  the 
beginning  of  the  same  month  (and  year)  in  the  Firth  of  Forth  (both 
being  judged  to  be  spring  herrings,  and  tne  latter  about  thirteen  months 
younger),  the  differences  are  as  follows: — On  the  modes  46mm.,  on  the 
means  47'5mm.,  and  on  the  computed  averages  48'5mm.,  showing  a 
mean  difference  of  about  47mm.  (1^  inches),  or  at  the  rate  for  the  whole 
period  of  385  days  of  about  '122mm.  per  day,  or  3*7mm.  per  month.  On 
5th  July,  1901,  eight  hemngs  were  taken  in  Aberdeen  Bay,  measuring 
from  140mm.  to  164mm.  The  modal  size  was  140mm.,  the  mean 
150mm.,  and  the  computed  average  was  149'2mm.,  or  5 J  inches.  They 
belonged,  no  doubt,  to  the  same  series  as  that  of  13th  June. 

Some  good  collections  of  herrings  were  obtained  in  the  Dornoch  Firth. 
On  9th  February  8  ranged  from  104mm.  to  122mm.,  the  mode  and  the 
mean  were  113mm.,  and  the  average  was  112'4mm.,  or  4|  inches.  The 
position  of  these  is  in  February  of  the  third  year,  i.e.,  nearly  two  years 
old,  if  spring  herrings,  as  they  probably  are. 

Sixteen  obtained  on  31st  March  ranged  from  106mm.  to  136mni. 
(4^^  to  5^  inches),  the  mode  being  112mm.,  the  mean  121mm.,  and  the 
computed  average  117*6mm.,  or  4^  inches.  No  doubt  they  represent 
the  same  series  as  in  February,  and  are  about  two  years  of  age. 

Several  collections  were  obtained  in  November.  On  5th  November, 
1900,  in  from  7  to  10  fathoms,  4784  herrings  were  taken  in  a  haul  of 
1^  hours'  duration,  of  which  601  were  measured.  The  smallest  noted 
was  73mm.,  and  the  largest  206mm.,  and  the  great  maiority  ranged 
about  11cm.  to  11 '5cm.  The  first  series  is  not  fully  represented, 
probably  because  of  the  escape  from  the  net  of  the  smaller  fishes.  It 
extended  from  73mm.  to  about  97mm.;  it  might  be  99mm.;  the  mean 
was  85mm.,  and  the  computed  avei*age  90mm.,  but  the  herrings  repre- 
sent only  pai*t  of  a  series  (in  their  second  year).  The  2mni.  arrangement 
of  the  measurements  at  this  place  is  as  follows :  — 

86-7    88-9    904    92-3    91-5    96-7    98-9    100-1    102-8    104-6    106-7    108-9 
6         7         79835  7  6  17         19         86 

The  next  series  is  taken  as  extending  from  98mm.  to  141mm. 
(3^  to  5|-*^  inches),  but  it  may  end  about  13cm.  or  13*5cm.  The 
arrangement  of  the  2mm.  measurements  is  as  follows: — 

124-5    126-7    128-9    180-1    332-3    134-5    136-7    138-9    1404    U2-8    144-6 
21  16  8  2  4  3  1  2  1  -  2 
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This  series  comprised  544  herrings,  the  mode  was  115mm.,  the  mean 
119'5mm.,  and  the  computed  or  arithmetical  average  114'4mm. 
(i^  inches).  These  were  probably  autumn  barrings  over  two  yeai-s  of 
age.     Tliere  were  also  9  herrings  from  144mm.  to  162mm. 

On  the  11th  November,  1903,  in  from  6  to  12  fathoms,  110  herrings 
were  caught.  Of  these  99  ranged  from  79mm.  to  109mm.,  the  mode 
was  95mm.,  the  mean  94mm.,  and  the  avei-age  94-3mm.,  or  3|  inches. 

On  the  following  day  (12th)  1336  herrings  were  taken  in  from  6  to 
10  fathoms,  and  all  measured.  The  first  series,  comprising  1234  herrings, 
apparently  I'anged  in  length  from  79mm.  to  133mm.  (3|  to  5|  inches) ; 
the  series  might,  however,  terminate  about  133mm  or  136mm.  or 
138mm.  The  above  range  (54mm.)  is  greater  than  usual.  On  the 
other  hand,  the  seiies  might  not  begin  till  about  83mm.  or  85mm. 
There  is  not  uncommonly  a  difficulty  in  assigning  the  position  of  the 
odd  fish  at  the  beginning  or  end  of  a  series,  which  may  belong  to 
different  gi*oups,  but  the  influence  on  the  average  size  is  quite  unappre- 
ciable,  while  the  mode  is  unaffected.  The  2mm.  ari-angement  at  the 
beginning  of  the  series  on  11th  and  12th  November  is  as  follows: — 

79-80        81-2        83-4        86-6        87  8        89  90 


11th  . 

1 

.^ 

5 

9 

9 

9 

12th. 

2 

2 

3 

9 

15 

22 

The  most  appropriate  interpretation  is  that  tlie  series  begins  at  84mm. 
and  extends  to  133mm.  (32  to  5^  inches).  The  modal  size  is  105mm., 
the  mean  108*5mm.,  and  the  average  105*4mm.,  or  41  inches.  These 
herrings  are  doubtless  autumn  heirings.  two  years  and  a  few  months  old. 

Most  of  the  remaining  hemngs  in  the  collection,  viz.,  87.,  measured 
from  161mm.  to  198mm.  (6f  to  7||  inches),  the  mode  being  175mm., 
the  mean  180mm.,  and  the  computed  average  1791  mm.,  or  a  trifle  over 
7  inches.  The  gi-oup  is  only  partially  represented,  but  as  the  difference 
from  the  other  and  younger  group  amounts  to  over  70mm.,  it  is  evident 
that  they  do  not  represent  that  series  when  one  year  older.  They  are 
apparently  spring  herrings,  about  three  years  and  seven  months  old, 
members  of  the  group  pi'esent  in  the  collection  from  the  Dornoch  Fii-th 
on  15th  December,  and  in  that  taken  at  Burghead  Bay  in  December, 
referred  to  below. 

Tlie  herrings  between  133mm.  and  162mm.  numbered  15,  from 
134mm.  to  152mm.,  and  they  belong  to  another  gro\ip,  viz.,  that  shown 
in  the  December  collection  from  Aberdeen  Bay. 

A  large  number  of  herrings  were  taken  on  25th  December  in  the 
Dornoch  Firth  in  another  year.  The  youngest  series  comprised  1769 
fishes,  measuring  from  98mm.  to  about  144mn).  (3 J  to  5y^  inches)  ;  the 
modal  size  was  119mm.  (4}  J  inches),  the  mean  was  121mm.,  and  the 
computed  average  122*4mm.  ^4}|  inches). 

These  are  autumn  herrings,  two  years  and  some  months  old.  The 
size  of  the  corresponding  group  taken  on  12th  November,  and  described 
above,  was  105mm.,  while  here,  43  days  later,  it  is  above  14mm.  higher. 
The  amount  is  too  much  to  be  accounted  for  by  increment  of  growth 
in  the  interval ;  and  the  explanation  is  probably  to  be  found  in  the  fact 
that  the  collections  belong  to  different  years  (1900  and  1903)  there 
being,  doubtless,  as  with  other  fishes,  a  variation  in  the  growth  in 
different  years. 

Only  a  few  belong  to  the  second  series  (represented  in  Aberdeen  Bay 
in  the  same  month),  viz.,  172,  ranging  from  145mm.  to  178mm. 

A  third  group  is  better  indicated  by  41  herrings  from  182mm.  to 
217mm.,  the  modal  size  being  about  196mm.,  and  the  average  190*8mm., 
or  a  little  over  7  inches. 


330  Fart  III. — Twenty-fourth  Annvxd  Report 

Ou  25th  December,  1901,  a  collection  of  87  herrings  was  obtained  at 


inches.     These  are  apparently  'lutunin  herrings  over  three  years  of  age. 

The  second  series  consisted  of  68  fish,  ranging  from  186mm.  to 
223mui.  ^7/^  to  8^  inches);  the  modal  size  was  about  198mm.,  the 
mean  204*5mm.,  and  the  average  201mm.,  or  711  inches.  These  also 
were  autumn  herrings  over  four  years  of  age. 

The  numbers  are  not  large,  but  com^^aiison  of  the  sizes  of  the  two 
groups  shows  an  increment  in  the  year  of  39'6mm.,  or  a  little  over  1^ 
inches. 

On  1st  April,  1904,  off  Findhorn,  in  the  same  neighbourhood,  497 
heirings  were  obtained,  the  depth  of  the  water  in  this  case  being  from 
30  to  32  fathoma  They  were  the  largest  herrings  got  in  any  of  the 
collections  by  means  of  the  otter-tmwl.     (Plate  XVI II.) 

Eleven  of  them  belonged  to  one  series,  and  ranged  from  123mm.  to 
169mm.,  the  mean  size  being  143mm.,  and  the  average  computed 
150*8mm.,  or  about  5}  J  inches. 

The  next  group  consisted  of  478  herrings,  ranging  from  177mm.  to 
228mm.  (7  to  9  inches),  but  the  series  might  stop  about  223mm.  The 
modal  size  was  about  200mm.,  the  mean  was  202'5mm  ,  and  the  com- 
pute<l  average  was  203*2mm.  Thase  herringe  wei-e  therefore  about 
8  inches  long,  and  they  were  spring  herrings,  as  their  position  in  the 
synthetic  table  sliows,  a  little  over  four  years  of  age. 

Another  collection  from  the  Moray  Fii'th  was  obtained  in  the 
Cromai-ty  Firth  cm  1st  June  1901,  and  of  the  70  taken,  66  measured 
from  111mm.  to  155mm.  (4g  to  6^  inches);  the  mo<le  was  135mm.  (5^ 
inches),  the  mean  was  133mm  ,  and  the  computed  average  129'7mm.  or 
5J  inches. 

These  were  autumn  herrings  approaching  their  thiixl  year  of  age. 

The  next  large.'^t  herrings  measui-ed  by  me  consisted  of  a  "  cran  "  of 
spring  herrings,  caught  by  drift-net,  in  the  ordinary  way,  on  16th 
February  11^04,  in  the  noighlwuihood  of  the  Isle  of  May,  at  the  mouth 
of  the  Firth  of  Forth,  and  lande<I  at  Anstruther.  They  were  actually 
spawning,  and  it  was  thus  a  simple  matter  to  separate  the  sexes  and 
measure  them  apart,  a  task  in  which  Mr.  William  Keir,  the  Fisheiy 
Officer  of  the  district,  wjis  good  enough  to  assist  me.  The  measurement 
will  he  found  in  Table  III.,  and  the  curves  on  Plate  XIX. 

A  glance  at  the  peculiar  curvtj  is  enough  to  show  that  the  herrings 
do  not  form  a  homogeneous  gioup.  The  range  is  too  great  for  one 
series,  viz.,over  70nim.  (2|  inches) ;  the  oblique  line  on  the  synthetic  chart 
connecting  the  extreme  limits  of  the  spring  herrings  of  various  ages, 
when  prolonged,  goes  through  the  middle  of  the  collective  measure- 
ments; and  considei-ation  of  the  millimetre  table  and  the  curves  shows 
that  two  groups  are  present.  The  males  and  females  were  measured 
separately  in  two  lots  each,  or  four  in  all,  and  when  curves  are  made 
of  these  separate  measurements,  they  all  agi-ee  in  having  two  cusps,  or 
moies,  with  a  depression  at  about  25cm.  The  following  Table  shows 
the  grouping  in  each  of  tlie  four  measurements,  in  *5cm.,  and  also  the 
arrangement  of  the  2mm.  grouping  at  the  critical  place: — 
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The  younger  lien-ing.i  show  the  following :- The  females,  215  in 
number,  exleml  fiom  225mm.  to  2D0mm.  (8^  to  9J  incliGn),  vin.,  to  the 
point  where  fuxion  takes  place  with  the  older  group;  but  if  the  curve 
IS  continue<1  into  tbe  Hecond  gi'onp,  ns  it  ought  to  l)e  to  give  the  true 
limit,  then  lieninga  of  tliis  HerieB  will  ezt«ni]  to  al)out  2G-5em.,  or  lOJ 
inches— perhaps  more.  The  modal  siie  is  24'25cm.,  according  to  the 
'6cm.  an-angeniont  of  the  measui'ementiN ;  according  to  the  millimetre 
tftble  it  is  at  244mm.  (9|  inches) ;  the  mean  size  is  237'5mm.,  or  on 
the  extension  of  the  series  to  26'.'iciii.,  it  is  245mm.,  and  tlie  computed 
average  is  239'9mm.,  or  nearly  0!^  iiiclies. 

The  males  number  256,  miiging  from  2i8mni.  to  250mm  (8j  to  91 
iuchea,  or  further,  ha  described  for  the  fomaleK);  the  mode  is  23'5cm., 
according  to  the  '5cm.  ai-rangement,  anil  according  to  the  millimetre 
table  237mm.  (9^  inches);  the  mean  is  234mm.,  or,  if  the  group  is 
extended,  241 -Smm.  (9 J  inchas),and  the  computed  average  is  236'7mm., 
or  9ji'^  inches. 

Toe  6ffnres  for  the  two  sexes  grouped  together  are  471  licrrings, 
ranging  from  218mm.  to  probably  26'5cm.  (8g  to  10|  inches),  a  range 
of  47mm.  The  modal  sice  is  238mm.  (9*  inches),  and  the  average 
SST'Tmm.,  or  the  same. 
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Tliese  Bpriiig  herrings  are  live  years  of  age,  and  they  appear  to  be  the 
first  annua]  serios  which  attains  matunty. 

The  second  group  of  lierrings  comprised  248  females  and  282  males. 
The  beginning  of  the  series  is  wh^re  the  fusion  with  the  younger  series 
occurs,  at  251mm.,  but  it  probably  extends  back  to  about  23* 5cm. 
(9|  inches),  judging  from  the  form  of  tlie  curve.  The  place  where  it 
ends  is  not  so  immediately  clear.  The  following  shows  the  arrangement 
in  2mm.  groups:  - 

270  272  274  276  278  2«0  -jyj  284  286  2»8  290  t»2  294  296  298  800  802  304  306  808 
Female.      11      7    11     :'»      .^      2      l      2      2      -      2      1    "-      -      -      1      -      1      -      - 

Male,    •      14_11       7     8      3  _2      2      K_     4 -_      1__2 i_    ----!-- 

25     18     1M~13      84       ^  "  6   "O       -3       1       -       -      -       1       -      2      - 

And  the  iiiensuremonts  umler  the  millimetres  are  these:  — 

276    277    278    270    280    281     282    233    284_28:.    286    287    288    289    290    291 
Feinalfl.  ~  3       2       4    "   1        2        1        -1        -       2       1        1        -        -       2 
Male,    -3522        1        I        -22222--1 


6         7        6332  32433--S- 

It  nppeai-K  from  this  that  the  group  terminates  at  2dlmm.  (H-^V 
inches),  the  rest  of  the  hei  rings  Ixflonging  to,  at  least,  one  older  group. 
The  modal  size  is  257nim.  (loj  inches),  the  mean  is  26()mm.  (or  261mm. 
on  the  extension  of  tluj  group  back  to  240mm.),  and  the  average  as  com- 
puted is  2621min.  (lO,^  inches). 

The  males  In^gin  and  end  like  the  females,  have  exactly  the  same 
modal  size,  while  the  computed  size  is  261mm. 

The  group  comprising  both  sexes  contains  530  herrings,  with  the 
same  range,  morles,  and  means,  the  computed  avei-agc  size  being  261 '5mm. 
These  herrings  are  six  years  of  age. 

The  rest  of  the  herrings  numbered  10  females  and  12  males;  the 
former  i-anged  in  size  from  283mm.  to  305mm.  (11^  to  12  inches),  and 
the  latter  practically  the  same,  283mui.  to  304mm.  These  herrings  are 
seven  years  old,  and  although  the  range  of  size  shown  is  only  22mm. 
and  21  mm.,  it  is  probable,  judging  from  the  2mm.  table  given  above,  that 
the  three  herrings  at  about  twelve  inches  (300mm.,  304mm.,  305mm.) 
arc  at  least  a  year  older  still.  Growth  in  length,  as  is  well  known,  is 
much  retarded  when  the  fish  attain  to  matunty  and  afterwai-ds,  as  is 
shown,  indeed,  by  comparing  the  modal  sizes  of  the  two  series  under 
discussion,  the  growth  indicated  in  a  year  being  only  about  19mm. 
(I  inch). 

It  will  be  noticed  that  in  both  series  the  males  are  more  numerous 
than  the  females,  and  that,  whilt*  in  the  second  or  older  series  the  size 
of  the  males  and  females  is  the  same,  the  males  in  the  first  group  are 
appreciably  smaller  than  the  females.  In  l>oth  lots  of  males  of  this 
series  measured,  the  mode  in  the  •5cm.  curves  is  at  23*5cm. ;  in  the 
older  gi'oup  one  of  the  modas  is  at  25'5cm.;  and  the  other  at  26cm. 
When  all  the  males  are  considered  together,  the  mode  in  the  'Scm,  curve 
is  at  23*5cm.  in  the  younger  group  and  at  25*5cm.  in  the  older  group. 
In  the  two  lots  of  females,  the  cusp  in  one  c:ise  in  the  younger  group 
was  at  23-5cm.,  and  in  the  other  at  24'5cm. ;  in  the  older  group  both 
the  cusps  or  modes  were  at  25 •5cm. 

There  was  thus  a  greater  number  of  small  males  than  of  small  females 
in  the  younger  series,  but  this  does  not  necessarily  denote  that  the 
male  rcacthcs  maturity  at  a  smaller  size  than  the  female. 

In  March,  another  lot  of  these  spring  herrings  from  the  Forth  were 
measured.  They  were  forwarded  to  the  laboratory,  and  placed  in  weak 
formaline  solution  for  a  time ;  they  were  measured  by  the  laboratory 
attendant,  who  aUo  determined  the  sexes  in  most  of  them  by  opening 
the  fish  ;  doubtful  cases  were  determined  by  myself. 
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The  herriugs  uumbered  1155,  of  which  514  were  females  and  641 
were  males.  Most  of  them  were  spawning,  but  40  females  and  43 
males  were  spent.  The  herrings  as  a  whole  were  smaller  than  those  got 
in  February.  Whether  this  was  due  to  any  extent  to  their  having  been 
soaking  in  weak  formaline  solution  is  doubtful ;  my  experience  with 
other  fislies  is  that  they  do  not  appreciably  diminish  in  length  under 
such  circumstances.  The  fact  that  they  were  measured  by  another 
person  has  to  be  kept  in  view,  but,  making  all  due  allowances^  I  think 
it  may  be  assumed  that  these  herrings  were  on  the  whole  smaller  than 
those  in  the  previous  month. 

The  table  of  measurements  and  the  curve  (Plate  XIX.)  show  that  the 
bulk  of  the  herrings  was  composed  of  two  annual  series,  but  it  is  not 
very  clear  where  the  division  occurs  in  this  ca^e.  Tlieoretically,  it 
should  be  about  24'5cm.,  and  a  consideration  of  the  curves  and  tables 
suggests  that  it  should  be  placed  at  244mni. ;  but  the  division  is  some- 
what arbitrary.  The  separate  curves  for  the  sexes  does  not  help  much, 
except  in  the  cape  of  the  males,  where  there  ai-e  cusps  or  modes  at 
23cm.  and  25cni.,  the  depression  being  at  24cm. 

To  this  series  belong  256  females  and  319  males.  Both  have  a  similar 
range,  from  211mm.  to  244mm.  (but  the  latter  is  no  doubt  greater,  and 
possibly  goes  to  over  25cm.) ;  tlie  modal  size  for  each  may  be  put  at 
23'5cm.  (9j  inches);  the  means  are  227*5mni.  (or,  if  the  series  is 
extended  to  254mm.— a  centimetre  more — it  is  232*5mm.);  the  computed 
average  sizes  are,  for  females  2328mm.,  and  for  the  males  232'2mm. 

Combining  both  sexes,  the  group  of  575  herrings  liave  the  same  i-ange 
as  above,  the  same  modes  and  means,  and  the  avaritgo  size  is  232'5mm., 
or  9y\  inches. 

The  second  series  of  herrings  begins  about  245mm.,  or,  if  extended 
for  1cm.  backwards,  at  235mm.  (9|  inches).  Where  it  ends  is  not  so 
clear.     The  2mm.  grouping  is  as  follows  : — 

«67        aeO        271        -273        273        277        '^9        281        2»3        a«i        2»7        289        g)l 
18  14         13  12  54  2  2  1  ^  2  1  I 

and  the  millimetre  measurements  are  : — 

■ 

271   272   273   274   275   270   277   278   279   280   281   282   283   284   285 
'S    8    4    2    ij    2    2    I    I    i    i    I    i    I    I 

It  might  end  at  281mm.,  or  274min.,  or  at  277mm.,  and  I  take  the  latter 
(10[f  inches). 

To  this  group  belong  252  females  and  317  males.  Both  have  the 
same  range,  245mm.  (or  235mm.)  to  277mm.;  the  moilal  size  is  about 
25cm.  (9|  inches);  the  means  are  261mm.  (or  256mm.);  and  the  com- 
puted averages  ai-e,  for  the  males  252*7mm.  (almost  10  inches),  and  for 
the  females  254- 1mm.  (10  inches).  The  group  of  569  herrings  has 
the  same  range,  mode,  and  mean  as  descnbeil,  and  the  computed  average 
is  253'5mm. 

The  diflerence  between  tiie  first  and  the  second  seriis  in  the  March 
herrings  (on  the  averages)  is,  for  females  21 '3mm.,  for  males  19'9mm., 
and  for  the  serias  combined  2rOmm. 

Thei-e  were  other  eleven  herrings  of  larger  size  in  the  collection,  viz., 
six  females,  measuring  281mm.,  283mm.,  287mm.,  288mm.,  324mm., 
and  325mm.;  and  five  males,  meaburing  278mm.,  279mm.,  280mm., 
287mm.,  and  304mm. 

These  obviously  belong  to  ililierent  annmil  series.  It  is  very  probable 
that  the  herring  at  304mm.  represents  an  older  group  than  those  smaller, 
while  the  two  large  females  (12j  inches)  must  be  some  years  older. 
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With  regard  to  the  spent  hen-ings,  it  may  be  noted  that  13  femaleB 
and  8  males  belonged  to  the  first  series,  and  24  females  and  35  males  to 
the  second  series.  The  two  large  females  were  spent  and  another  at 
288mm.     The  grouping  of  tlie  spent  fish  in  *5cm.  is  as  follows : — 

21-5    22     -5    23     5    24      5    26      5^   26     ft    27      5    28     5    29     5    »    '5    »1     '5   >2      5 

Males,      1        -      125464841      2--1------11 

Females,-       --5217    13     71831      ■--->--..- 

1        -177S12    17    15     5451-1------11 

8.  Conclusions. 

It  is  evident  from  the  above  account  that  the  herring  grows  slowly, 
and  that  those  authors  who  supposed  tliat  it  might  reach  the  mature 
condition  in  a  year  or  eighteen  months  were  very  wide  of  the  mark. 

At  the  end  of  the  year  in  which  it  was  bom,  that  is  to  say,  in 
December,  the  spring  hemng  rarely  exceeds  50mm.  (2  inches),  and  the 
great  majority  are  much  smaller;  at  the  same  period,  the  autumn 
herring  may  be  as  small  as  14nnii.  (a  little  over  J^  an  inch),  and  is  rarely 
over  1|  inches,  or  35mm.  This  dififei^ence  between  the  spring  and 
autumn  herring,  it  may  be  said,  pei*sists  thi*oughout.  There  is  nothing 
to  indicate  that  the  nite  of  growth  is  gi*eater  in  one  than  in  the  other, 
an  interval  of  alH)ut  r5cm.-2cm.,  or  a  little  more,  separating  the  mean 
sizes  of  the  two  classes  at  the  same  date.  This  is  wLat  might  be 
expected,  since  an  interval  of  five  or  six  months  intervenes  between  the 
spawning  periods,  and  the  difference  in  size  between  the  spring  and 
autumn  hen-ings  thus  repi'escnts  about  half  the  amount  of  the  growth 
in  a  year. 

While  botli  autumn  and  spring  hen-ings  are  included  in  the  collec- 
tions with  which  I  have  dealt  in  this  paper,  those  of  the  latter  are  the 
most  complete ;  and  I  have  set  forth  on  the  accompanying  table  the 
particulai-s  regai*ding  a  number  of  the  collections  in  order  to  show,  in 
collective  fashion,  the  nite  of  growth  and  the  age  at  diffei-ent  sizes. 
Though  these  collections  belong  to  diffei-ent  years  and  to  various 
localities  (but  all  on  the  cast  coast  of  Scotland),  it  will  be  seen  that 
there  is  a  very  considenible  unifonnity  of  results. 

The  monthly  rate  and  the  annual  rate  of  growth,  it  may  be  said,  are 
calculated  from  a  larger  number  of  decimals  than  the  rate  per  day,  and 
the  age  is  computed  from  the  middle  of  March.  It  will  be  observed 
that  the  giowth  in  the  summer  months  is  much  more  mpid  than  in  the 
colder  part  of  the  year ;  and  the  mean  annual  rate  of  growth  in  the 
four  best  cases,  where  the  period  is  long  and  the  numbers  of  herrings 
considerable,  is  43'4mm.,  or  about  If  inches.  If  the  rate  between 
January  and  May  is  included  (49*6)  the  mean  rate  is  44'6mm. 


[Table. 


of  the  Fishery  Board  for  Scotland. 


335 


• 

1 

^          ■ 

1 

1 

1 

-jp 

o      to 

•                  • 

CO        <N        <? 

oo        00        A 

»ri 

■* 

^ 

^«           ^«           l-H 

• 

/? 
^ 

l-H 

• 

o 

o 

ya«. 

._^ 

a    1 

1 

• 

• 

o 

o 

« 

CO 

If" 

•-H 

• 

00 

00       00 

00        Q        CO 
CO       09       2 

•               •               • 

oo        09        rH 

o 

9 

"-' 

5 

0^ 

• 

el 

Q 

• 

S       1 

1 

1» 
'J" 

oa 

g 

00 

2f 

00 

s 

s  § 

8    S    g 

r-     T^     9 

»« 

Zk, 

I— 1 

• 

f— 1 

• 

o 

• 

'p 

o 

• 

l-H 

• 

-H            CJ 

•                  • 

4> 

^^ 

-~i_r* 

Oi 

I"* 

QO 

f-H 

s:- 

No  of    • 
Days  from 
Previous 
Entry. 

1 

1 

o 

S 

§^ 

00 

f— 1 

X) 

s    ?^ 

■©      ^      »a 
i>-     c^i      « 

i 

-> 
a 

1 

• 

•T 

d 

f-H 

CI        CO        CO 

S     ^       1 

.3 

a       eS 

^o^ 

«>«^ 

in 
iiterv 

E       1 

1 

03 

I— 1 

• 

:o 

o 

00 

p 

• 

CO 

^ 

?i 

00        00 

•-H 

93        QO        O) 

CO      CO      l-H 

d 
o 

•iH 

«e 

r-H 

-1- 

-•     ►:; 

rt 

^•-  S, 

J  - 

.«l 

•«« 

^*i       -tci 

«« 

^ 

3    H    bp 

r? 

!0 

o 

o 

o 

1 

l-H 

Oi 

■71        ?0 

O            l-H            f-H 

3 

12^ 

•«; 

rH 

l-H 

1—1        1—1 

» 

Prol 
App 
mate 

£      1 

1 

1 

! 

1 

1 

r- • 

CI 

w 

CO      oo 

'*       "^  O  k^l  o 

ja 

-1- 

S^.. 

§      . 

»+ 

-♦t 

»* 

iJm 

H* 

MM 

-s 

< 

>44>      «» 

•-K         «W         .HB 

?|F 

1— • 

r^ 

1-^ 

CI 

r^ 

"^ 

I.* 

CO       *o 

1>»       O        O 

f-H 

1-^ 

■ 

CO 

O 

CO 

f-H 

0$ 

^                   1 

:3 

QO 

f-H 
f-H 

Oi        I'- 

l-H           f-H 

o      OO      r^ 
S      ^      3 

1 

a 

a 

.s 

^ 

>**• 

^ 

^ 

S 

f-H 

CO 

f-H 

l-H             l-H 

00        QO'i-H 

6i      CI  CI  cJ 

?••§ 

<4 

1 

J. 

1 

1 

1 
kO 

1 

1 

1 

CI        QO 

i-L    00  "^^  o 

3 

5" 

r^ 

<M 

-*< 

■*f 

"^ 

-^ 

O) 

l-H 
f-H 

l-H            f-H 

l>-       i-H       u"5  -J« 

l-H     CI     cJcsi 

1 

•s  .    . 

g 

o  i  jL 

•«*• 

lA 

f-H 

O 

«o 

l>- 

»C^ 

OO        Q 

QO        ^        O 

£ 

•  ®  60 

1 

1 

o« 

l-H 

r-l 

"T* 

oo 

l>. 

o 

1^        l>-        00 

r-H 

Ol 

l>- 

c^ 

■^ 

O        CO 

•'J'      'a*      o 

1 

• 
1 

• 

• 

■ 

• 

■ 

■ 

• 

■ 

■                  • 

•                  ■                 • 

a 

• 

1 
1 

• 

• 

• 

>. 

■ 

■ 

• 

• 

•                  • 

1 

s 

• 

• 

■ 

(2 

#« 

A 

•• 

J3 

>» 

•• 

1 

5^ 

mm 

2 

oa 

a 
a; 

4> 

Be 

2 

o 

2 

u 

o 
o 

O 

•3 

1 

x:  E&^     P(« 
SS  o      s 

O 

o 

-s 

-H 

^ 

A 

x: 

M 

-2 

•H    3 

fa^^jq     x: 

> 

> 

• 

• 

J 

< 

te    t    t: 

S  Ei:;  '£ 

« 

■ 

• 

• 

• 

■ 

•                 • 

•       >       • 

Ci 

• 

• 

• 

• 

■ 

• 

• 

• 

•                     • 

•       •       • 

« 

8" 

O 

, 

• 

cH 

• 

, 

•                     • 

• 

• 

« 

1 
3 

CO 

o 

Ok 

f-H 

3 

CI 
Ok 

g 

s 

f-H 

l-H 

•               • 

f-H          Pi 

^^ 

1 

• 

■ 

a 

d 
a 

•-0 
x: 

^ 

§ 

»■ 

oo 

i-H 

E 

9 

4) 

9'           l-H 

1—1 

S       5^      t? 

-*     2     2 

• 

• 

4-> 

.a 

^ 

a 

^ 

J3 

< 

7 
oo 

f-H 

• 

>»     c 

:3      ^      ^ 
Coo 

f:u    u«     u< 

"^     -3     -« 

4J            '«'            4-* 

^^ 

'AJ 

♦i 

4-> 

*» 

S 

JS 

■^ 

< 

S3 

QO 

Ol 

Ok 

« 

^ 

OO 

g  §^ 

«        CO        « 

•^ 

r-» 

•-H 

1— • 

* 

• 

a> 

l-H 

f-H          f-H          l-H 

336 


Part  III. — Twenty-fourth  Annuul  Report 


Growth  in  length,  however,  as  with  most  fishes,  is  somewhat  more 
rapid  in  the  early  stages,  and  diminishes  with  age,  at  first  very  slowly, 
and  then  on  the  oocuirence  of  sexual  maturity  with  great  and  marked 
i-apidity. 

The  following  gives  the  main  featui*es  of  the  growth  of  the  herring, 
accoi-diDg  to  thb  investigation  ; — 


Mm. 

1  Year, 60-5 

2  Years 113 

3  „ 159 

4 2U0 

5 238 

tJ !        257 


Increase  in  Length 
from  PreTioiu  Year. 


Inches. 

Mm. 

2| 

— 

*rt 

52 

«i 

47 

n 

41 

n 

38 

10* 

19 

Inches. 

n 

n 

ih 

f 


The  herring,  both  male  and  female,  appeai-s  to  attain  the  mature 
condition,  and  to  reproduce  for  the  first  time,  when  it  is  five  years  of 
age. 

If  the  8ame  rate  of  growth  as  is  indicated  above  between  the  fifth  and 
sixth  years  be  assumed  to  continue  dunng  the  next  few  years,  the 
approximate  aver.ige  sizas  of  older  herrings  would  be  as  follows: — 7 
yeai*H,  276mm.  {\0^  inches);  8  yeai-s,  295mm.  (11  §  inches);  9  years, 
314mm.  (1 2f  inches) ;  10  yeai-s,  333mm.  (13^  inches).  It  is  certain, 
however,  that  the  gi*owth  in  the  later  series  of  larger  herrings  is  not 
neai*ly  so  rapid  as  this,  and  heiriugs  over  12  inches  are  probably  more 
than  ten  yeni-s  old.  The  larger  herrings  of  13  to  15  inches,  such  as  are 
refen*ed  to  on  a  former  page,  must  be  very  old ;  the  latter  probably 
from  fifteen  to  twenty  yeai'S. 

It  may  be  of  interest  now  to  compare  briefly  the  results  as  stated 
above  and  those  obtained  by  Jenkins  and  Masterman.  Tlie  research  of 
the  former,  us  previously  mentioned,  was  made  on  the  otoliths  of  spring 
herrings  of  the  Baltic,  and  the  precise  age  could  not,  therefore,  be  deter- 
mined with  certainty,  not  within  several  months.  The  research  of 
Masterman  was  on  both  spring  and  autumn  heriings  at  St.  Andrews, 
but  w^as  confined  to  specimens  taken  in  tow-nets— to  larval  and  post- 
larval  forms,  and  to  small  numbers  of  young  herrings  obtained  in  the 
same  way — and  so  far  as  his  research  was  cai*ried  it  agrees  well  with 
my  own.  He  did  not  attempt  to  deal  with  the  growth  of  the  older 
series  of  hei  rings,  except  in  a  few  cases,  but  made  certain  calculations 
as  to  the  rate  of  growth  per  month.  In  the  following  Table  I  give  a 
summary  of  the  results  of  Jenkins  (as  amended  by  the  intercalation  of 
a  year,  so  as  to  make  his  annual  series  a  year  older  than  he  represents 
them),  and  also  of  tlie  results  of  Masterman  on  the  spring  herring,  as 
far  as  they  go,  and  the  approximate  sizes  of  the  older  series  as  calculated 
on  the  basis  he  gives,  viz.,  a  growth  of  from  4mm.  to  5mm.  per  month. 
The  latter  is  quite  accurate  for  the  early  stages,  but  it  is  rather  wide  of 
the  mark  for  the  older  herrings,  owing  to  the  diminution  of  the  rate  of 
growth  with  age  that  actually  takes  place. 
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Year 
of 

I. 

II. 

III. 

Compute<i 

i. 

Age. 

Year 

Range. 

\f  Ann 

Mean. 

Range. 

Dbaerved 

ill  en  11  • 

Min. 

Max. 

Mean. 

1 

•  •  • 

... 

60  5 

46-76 

62 

... 

*  •  ■ 

•  •  • 

2 

(1) 

113-121 

117 

113 

94-139 

112 

110 

122 

116 

3 

(2) 

166-164 

160 

159 

142-186 

•  •  • 

168 

170 

164 

4 

(8) 

190-198 

194 

200 

177-228 

• « • 

206 

218 

212 

6 

(4) 

217-225 

229 

238 

218-265 

•  •  • 

254 

266 

260 

6 

(6)^ 

237-246 

241 

257 

240-267 

• « • 

302 

814 

308 

Column  I.  shows  Jenkins'  results,  Column  II.  shows  my  own  results, 
and  Column  III.  shows  the  results  obtained  by  Masterman,  and  the 
size  at  the  later  stages,  computed  at  the  mean  rate  of  increase  of  4mm. 
to  5mm.  It  will  be  observed  that  my  results  and  those  of  Jenkins 
agree  remarkably  well,  when  a  year  is  added  to  the  age  he  assigns  to 
his  various  series. 

In  the  later  work  of  Masterman  and  Mcintosh  (17a)  it  is  suggested 
that  3  inches  (76mm.)  and  5  inches  (127mm.)  repi*esent  a  rough 
average  of  the  size  of  the  herring  when  one  year  and  two  years  of  age 
respectively ;  and  that  sexual  maturity  is  attained  when  it  is  between 
8  and  9  inches  (203-228mm.)  in  length  and  probably  three  years  of  age. 
This,  however,  involves  a  more  rapid  growth  than  the  facts  warrant,  and 
is  not  consistent  with  the  results  of  Masterman's  own  earlier  paper. 

The  earlier  authors  referred  to  at  the  beginning  of  this  paper  as  a 
nile  under-estimated  the  i-ate  of  growth  of  the  herring.  The  most 
correct  are  those  of  Malm,  Sars  and  Nilsson.  It  is  interesting  to 
observe  that  the  estimate  of  the  fishermen  of  Bohuslan,  Sweden,  as 
given  by  Nilsson,  is  accurate ;  and  that  the  estimates  of  the  Scottish 
fishermen  (three  or  seven  years)  was  much  nearer  the  truth  than  those 
of  the  naturalists. 

The  elucidation  of  this  question  of  the  growth  of  the  herring  has  an 
important  bearing  on  several  fishery  problems.  Compared  with  most 
fishes  caught  by  lines  or  trawls,  it  is  clear  that  the  herring,  caught  by 
drift-nets,  has  a  great  advantage,  inasmuch  as  no  immature  herrings 
are  caught  in  this  way,  no  less  than  four  generations  of  undersized  or 
immature  herrings  escaping  through  the  meshes. 

It  may  also  help  to  explain  such  problems  as  the  presence  every 
summer  for  a  period  of  years  of  large  heirings  in  the  deep  water  of 
Upper  Jjochfyne,  and  their  absence  for  a  period  of  years.  It  is  quit« 
possible  that  these  herrings  belong  to  one  and  the  same  shoal,  which  has 
accustomed  itself  to  the  route  of  migration  and  the  locality,  and  which 
is  ultimately  fished  out  or  destroyed.  It  may  also  serve  to  explain  the 
presence  in  the  loch  of  small  herrings  in  autumn  and  winter  without 
supposing  that  they  were  spawned  there.  Such  little  herrings  are  one 
year  old  and  more,  and  could  therefore  easily  make  their  way  into  the 
loch  from  the  spawning  grounds  in  the  outer  part  of  the  Clyde. 


338  PaH  IIL—TwerUy-fawrth  Arm%ud  Beport 

LITERATURE. 

1.  Huxley,  T.  H. — *' Report  of  the  Royal  Commission  on  the  Operation  of 

the  Acts  relating  to  Trawling  for  Herring  on  the  Coasts  of  Scotland. " 
18fi3,  p.  27. 

lA.  .— «  Nature."    XXXI.     1881,  p.  607. 

2.  Mitchell,   J.    M.       **  The  Herring :    Its  Natural    History  and    National 

Importance."    1864. 

3.  Yarrkll,  W.—**  a  History  of  British  Pishes."    1859. 

4.  De  Caux.— "  The  Herring  and  the  Herring  Fishery."    1881,  p.  50. 

5.  Sm,  G.— *♦  The  Natural  History  of  the  Herring."     1883,  p.  46. 

6.  Ljunomann,    a.    V. — **  Om    sillens    och    skarpsillens    fortplantning    och 

tillvaxt."     1879.     Nordisk  Tidsskrift  for  Fiskeii.     V.  193. 

6a.  .  — **  Bidrag  till  kannedomen  om  sillens  lefnadsforhallanden."     1880. 

7.  WiDEQREX,  H. — **  Nagra  ord  om  sillfiske  samt  om  sillens  oiler  StrOmmingens 

riitta  beradning  till  handelsvara. "    Tidsskrift  for  Fiskeri,  6  Aarg. ,  X. ,  1871. 

8.  BoBCK,  A.—**  Om  Silden  og  Sildefiskerieme,"  p.  13. 

9.  Sunuevali.,  C.  J.—"  Stockholms  ISns  K.  Hush.  SMllsk.  Handl."    VI.,  p.  105. 

10.  Ekstrom,  C.  U.— "  Praktisk  AfhandUng,"  p.  10. 
10a.  .— "DanmarksFiske,"  III.,  pp.  170,  171. 

11.  NiLSSON,  S. — **  Handlingar  rorande  Sillfisket,"  p.  45. 

12.  Sabs,  O.    0.— *'Indberetning  til  Departementet  for  det  Indre,"  1870-73» 

pp.  38,  39. 

13.  Malm,  A.  W.— *»  Goteborgs  och  Bohuslans  Fauna."    1877,  p.  581. 

14.  HoEK,  P.  P.  C— "The  Fishes  of  the  Zuiderzee"  fnjdschrift  der  Neder 

landsche  IMerkundige  Vereeniging  (2),  III.  Afl.  I.  18flN)). 

14a.  .— *♦  Bericht  ftber  die  Fischerei  mit  Steerthamen."    (fhid.    SnppL  Ded 

II.  1888). 

15.  Meyer,  H.  A.— "Biologische  Beobachtnngen  bei  kiinstlicher  Aufzucht  dee 

Herings  der  westlichen  Ostsee."     1878. 

15a.  . — '*  Beobachtungen  uber  das  Wachstum  des  Herings  im  westlicheD 

Teile  der  Ostsee"   (Jahresbericht  der  Komm.   z.   wiss.   Untersuch.  der 
deutschon  Meere  in  Kiel,  1878,  227). 

16.  Jenkins,  J.  T. — *<  Altersbestimmung  durch  Otolithen  bei  den  Clupeiden." 

{Ibid,     Neue  Folge,  6th  Bd.     Abtheil.,  Kiel,  p.  83).     19C2. 

17.  Mastebman,  a.  T. — Fourteenth  Annual  JUport,  Fishery  Board  for  Scotland, 

Part  III.,  p.  294.     1896. 

17a.  M'Intosh  and  Masterman. — "British  Marine  Food  Fishes,"  pp.  420,  4S2 
(1897). 

18.  Cunninoham,  J.  T. — "  Marketable  Marine  Fishes  of  the  British  Islaods,** 

p.  162. 

19.  Matthews,  J.  !>.— Fourth  Annual  Beport,  Fishery  Board  for  Seollaind,  1886. 
19a.  .—Fifth,  ibid.,  1887. 

20.  Brook,  G.—FouHh,  ibid,,  p.  48. 

21.  Murie,  J.— "Kent  and  Essex  Sea  Fisheries  Committee— Report  on  the  Sea 

Fisheries,  &c.,  of  the  Thames  Estuary."    1903. 

22.  LuNDBERO,  R — "  Bidrag  till  klUmedomen  om  Strommingen   i  Stockholm- 

skfirgard."     1875. 

23.  Trybom,  — .— "  lakttagelser  vid  Sillfisket  i  Bohusl&n."     1883. 
23a.  .— "  Sillundersokningar  vid  Sveriges  Vestkust."     1889. 

24.  "  Verslag  van  den  Staat  der  Nederlandsche  Zeevisscherijen  over  1863,"  p.  15. 

25.  M*Ikto8H,  VV.  C,—'*  Seventh-Twelfth  Reports  of  the  Fishery  Board  for  Scot- 

land, Part  III. 

26.  Murray,   G. — Fifteenth  Annual  Report  of  the  Fishery  Board  for  Scotland, 

Part  III. 


EXPLANATION  OF  PLATES  XVII.-XIX. 

The  diagrams  shown  on  the  plates  represent  the  measurements  of  the 
various  collections  of  herrings  dealt  with,  the  measurements  being 
shown  in  '5cm.  groups. 
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Sir, 

In  continuation  of  our  Twenty-fifth  Annual  Beport, 

we  have  the  honour  to  submit — 

PART  III.— SCIENTIFIC  INVESTIGATIONS. 


GENERAL  STATEMENT. 

This  part  of  the  Twenty-fifth  Annual  Report  deals  with  the 
scientific  investigations  in  connection  with  the  sea  fisheries  of 
Scotland,  so  far  as  they  have  been  completed,  whicti  have  been 
conducted  by  the  Board  in  1906  by  means  of  the  Parliamentary 
Vote  granted  for  the  purpose. 

The  scientific  work  has,  as  usual,  been  carried  out  under  the 
supervision  of  Dr.  T.  Wemyss  Fulton,  the  Scientific  Superintendent 
under  the  Board,  the  researches  having  been  undertaken  for  the 
most  part  at  the  Board's  Marine  Laboratory  at  Aberdeen,  and  in 
the  Firth  of  Clyda  The  hatchery  for  sea  fishes  is  also  situated 
at  Aberdeen,  and  a  statement  as  to  the  hatching  work  done  at  it 
during  the  year  will  be  found  below. 

As  was  explained  in  last  year's  Beport,  the  investigations  into 
the  condition  of  the  fishing-grounds  in  the  Moray  Firth  and 
Aberdeen  Bay  by  means  of  commercial  trawlers  employed  for  that 
purpose  were  interrupted  at  the  end  of  the  previous  year. 

In  the  Firth  of  Clyde,  and  more  particidarly  in  Loch  Fyne,  an 
investigation  into  the  herring  fishery  and  the  natural  history  and 
migrations  of  the  herring  was  continued,  mainly  with  the  view  of 
throwing  light  on  the  decline  in  the  catch  of  herrings  there  in 
recent  years,  and  as  to  whether  any  regulations  affecting  the  fishery, 
either  as  to  the  period  of  fishing  or  the  methods,  would  be  likely  to 
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be  generally  beneficial.  Since  the  Board  have  no  steamer  available 
for  this  investigation,  the  work  has  been  done  as  far  as  possible  by 
the  employment  of  fishing-boats  and  the  hire  of  a  small  sailing 
yacht  for  periodical  observations  in  Loch  Fyne. 

The  Hatching  and  Rearing  of  Plaice. 

In  the  Annual  Eeport  for  last  year  an  account  was  given  of  the 
reconstruction  of  the  hatchery  at  Bay  of  Nigg,  Aberdeen,  with 
illustrations  showing  the  exterior  and  interior,  the  ponds,  pumping 
plant,  &c.  The  adult  plaice  from  which  the  spawn  is  obtained  are 
confined  in  a  large  tidal  pond,  where  they  are  kept  and  fed  throughout 
the  year.  At  the  spawning  season  the  eggs  are  shed  into  the  water 
of  the  pond,  from  which  they  are  collected  by  means  of  a  large 
gauze  net,  and  transferred  to  the  hatching  apparatus.  They  are 
maintained  in  the  hatching  apparatus  until  the  young  fishes  hatch 
out,  the  length  of  this  period  depending  directly  upon  the 
temperature  of  the  water.  At  the  commencement  of  the  spawning 
season,  when  the  temperature  of  the  water  is  low,  the  duration  of 
the  period  of  incubation  is  on  the  average  about  three  weeks ;  at 
the  end  of  the  season,  when  the  temperature  has  risen  considerably, 
it  occupies  about  a  fortnight.  The  larval  fishes,  after  they  are 
hatched,  are  kept  in  the  apparatus  for  several  days  until  the  yolk- 
sac  is  partly  absorbed,  and  they  are  then  placed  in  the  sea. 

The  success  of  the  hatching  operations  depends  very  largely 
upon  an  adequate  supply  of  eggs  and  of  pure  water  throughout  the 
season.  In  order  to  obtain  a  large  supply  of  eggs  it  is  necessary 
that  the  number  of  adult  fishes  in  the  pond  should  be  large. 
Hitherto  this  has  been  accomplished  tolerably  well  by  the  employ- 
ment of  a  commercial  steam- trawler  within  the  territorial  waters, 
particularly  in  Aberdeen  Bay  and  the  Moray  Firth,  which  was 
used  in  connection  with  the  investigations  of  the  grounds  above 
referred  to.  By  an  arrangement  with  the  owners,  the  hatchery 
attendant  accompanied  the  vessel  on  such  occasions,  selecting  from 
the  catches  such  fishes  as  suited  the  purpose,  and  these  were  kept 
alive  in  tubs  on  board  and  brought  to  the  hatchery.  The  plaice 
required  were  thus  obtained  gratis,  the  remainder  of  the  fish 
becoming  the  property  of  the  owners.  By  the  method  described 
the  stock  of  spawners  has  been  maintained  from  year  to  year ;  for, 
though  a  large  proportion  of  the  fishes  of  one  season  survive  to  the 
next,  there  is  always  a  considerable  loss  which  requires  to  be  made 
good.  But,  as  mentioned  in  last  year's  Eeport,  the  vessel  which 
was  engaged  in  this  work  at  the  end  of  1905  was  stranded  in 
Aberdeen  Bay,  and  owing  to  the  loss  of  life  occasioned  thereby  the 
Board  have  thought  it  right  to  refrain  from  making  use  of  such 
vessels  in  inshore  work.  In  consequence  of  this,  the  stock  has  not 
been  renewed,  and  the  supply  of  spawn  was  much  less  than  in 
former  years.  Under  present  circumstances  it  is  not  possible 
to  procure  supplies  of  living  plaice  by  means  of  the  ordinary 
commercial  trawlers  working  in  the  North  Sea.  The  fish  desired 
are  only  found  in  abundance  on  the  inshore  grounds,  and  the  cost 
of  obtaining  a  sufficient  number  from  the  offshore  would  be  con- 
aiderable. 
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In  the  season  of  1906  the  eggs  were  first  observed  in  the  water 
of  the  spawning-pond  at  the  beginning  of  February  ;  the  spawning 
gradually  increased  towards  the  end  of  the  month,  and  was  greatest 
in  March  and  the  early  part  of  April,  and  the  last  eggs  were 
obtained  on  13th  May.  The  total  number  of  eggs  collected  from 
the  pond  was  estimated  at  7,486,000,  as  compared  with  40,110,000 
in  the  previous  year,  so  that  the  decrease,  for  the  reason  mentioned, 
was  great.  The  estimated  number  of  fry  which  were  hatched  out 
and  put  into  the  sea  was  4,406«000,  the  loss  being  equivalent  to 
about  41  per  cent.,  which  is  higher  than  usual.  The  principal 
cause  of  this  was  an  insufScient  supply  of  pure  water  towards  the 
end  of  March,  owing  to  a  defect  in  the  filtering  arrangements  in 
the  rebuilt  hatchery,  which  was  afterwards  remedied. 

The  fry  were  put  into  the  sea  in  the  neighbourhood  of  Aberdeen 
in  March,  April,  and  May.  The  number  of  eggs  collected  and  the 
number  of  fry  put  out  at  fche  Bay  of  Nigg  hatchery  during  the  last 
seven  years  are  as  follows : — 


Year. 

^^  Collected. 

Fry  Hatched. 

1900      . 

.      43,290,000 

31,305,000 

1901      . 

63,370,000 

51,800,000 

1902      . 

.      72,410.000 

55,700,000 

1903    . 

65,940,000 

53,600,000 

1904     . 

39,600,000 

34,780,000 

1905     . 

.      40,110,000 

15,790,000 

1906     . 

7,486,000 

4,406,000 

Owing  to  the  small  number  of  fry  available  it  was  not  feasible  to 
forward  supplies  to  the  northern  parts  of  the  coast  of  Aberdeen, 
for  which  the  fishermen  had  petitioned. 

It  may  be  mentioned  that  the  expense  in  connection  with  the 
hatching  work  is  comparatively  small,  since  it  is  carried  on  in 
conjunction  with  the  Marine  Laboratory  without  any  additional 
staff.  The  total  expenditure  for  extra  coals,  food  for  the  fishes, 
&c.,  was  estimated  at  under  £80. 

During  the  season  the  hatchery  was  visited  by  delegations  of 
fishermen  from  the  counties  of  Argyll,  Bute,  Caithness,  and  Elgin, 
under  arrangements  made  with  the  various  County  Councils. 

Scientific  and  Technical  Instruction  to  Fishermen. 

By  an  arrangement  originally  made  with  the  Technical  Com- 
mittee of  the  County  Council  of  Aberdeenshire,  representative 
fishermen  from  various  parts  of  the  coast  of  that  county  for  some 
years  visited  the  Marine  Laboratory  in  spring  to  attend  demon- 
strations on  the  life-history  and  habits  of  fishes,  such  as  might  b^ 
of  interest  and  use  to  them,  and  to  see  the  processes  of  fish-hatching. 
The  arrangement  was  afterwards  extended  to  other  counties  owing 
to  the  interest  taken  by  the  fishermen  in  the  instruction  they 
received,  and,  as  above  stated,  fishermen  from  several  other  counties 
attended  in  the  spring  of  last  year.  Among  the  subjects  taught 
were  the  life-history  of  such  fishes  as  the  herring,  cod,  haddock, 
and  plaice,  as  well  as  of  the  mussel  and  edible  Crustacea.    The 
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food,  growth,  reproduction,  &c.,  of  fishes  were  explained  and 
illustrated  by  specimens  and  experiments,  and  the  processes  of 
fertilisation  demonstrated,  as  well  as  the  development  of  the  fishes 
within  the  egg. 

On  this  question  of  the  technical  and  scientific  education  of 
fishermen  many  or  most  other  European  countries  are  in  advance 
of  ourselves,  special  schools  being  devoted  to  the  work,  directly  or 
indirectly  under  the  patronage  of  the  State.  It  may  be  mentioned 
that  in  the  Technical  College  which  it  has  been  decided  to  establish 
at  Aberdeen  provision  will  be  made  for  the  instruction  of  those 
connected  with  the  fishing  industry  in  various  branches  of  know- 
ledge bearing  upon  that  industry,  such  as  the  preservation  of  fish 
and  the  utilisation  of  fish-products. 


Investigations  on  thb  Herring  Fisheriss  in  the  Firth  of 

Clyde. 

During  the  last  few  years,  as  mentioned  in  previous  Annual 
Beports,  an  enquiry  has  been  in  progress  with  respect  to  the 
herring  fisheries  in  the  Firth  of  Clyde,  and  especially  in  Loch  Fyne. 
Those  fisheries,  like  the  herring  finery  on  other  parts  of  the  coast, 
are  subject  to  considerable  fluctuations  from  year  to  year ;  and  from 
the  circumstance  that  they  €ure  often  carried  on  in  comparatively 
confined  and  narrow  waters,  and  by  several  methods  of  fishing,  they 
have  given  rise  at  various  times  of  scarcity  to  controversies 
regarding  the  modes,  seasons,  or  places  of  fishing.  Of  late  years 
such  complaints  have  been  somewhat  common  in  Loch  Fyne,  owing 
to  the  failure  of  the  fishery  in  that  important  loch,  the  catch 
having  gradually  declined  from  1897,  when  the  maximum 
quantity  for  any  year  was  recorded,  to  a  low  point  in  1005  and 
1906. 

The  object  of  the  enquiry  was  to  ascertain  the  nature  and  extent 
of  the  annual  fluctuations,  and,  as  far  as  possible,  their  causes,  and 
the  movements  of  the  shoals  of  herrings  into  and  out  of  Loch  Fjme. 
The  scheme  of  investigation  included  (1)  a  study  of  all  the  statistics 
of  former  years  that  were  available ;  (2)  periodical  observations  on 
the  temperature  of  the  water,  and  the  "plankton"  or  floating 
organisms,  at  different  depths ;  (3)  the  marking  and  liberation  of 
herrings  when  possible,  witib  the  view  of  discovering  their  migrations; 
and  (4)  the  examination  of  large  numbers  of  samples  of  herrings 
from  various  parts  of  the  Clyde,  to  determine  especially  the  condition 
of  the  reproductive  organs  at  different  periods  and  the  rapidity 
with  which  these  organs  develop  and  become  fully  mature.  Ajl 
investigation  of  this  kind  is  difficult  under  the  most  favourable 
circumstances  and  must  necessarily  cover  several  successive 
seasons ;  and  since  the  range  of  movement  of  a  shoal  of  herrings  on 
any  part  of  the  coast  is  at  present  unknown,  it  was  desired  that 
the  investigation  might  cover  at  least  the  whole  of  the  sea  area  of 
the  Clyde,  and  in  particular  the  channels  by  which  the  herrings 
enter  and  leave  Loch  Fyne.  With  the  means  at  disposal  it  was, 
however,  found  impossible  to  extend  the  periodical  observations 
in  this  way,  which  have  therefore  been  limited  to  Loch  Fjrne. 
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In  the  present  volume  a  report  by  Dr.  Wemysa  Fulton  will  be 
found  dealing  with  the  statistics  of  the  herring  fisheries  in  the 
Firth  of  Clyde  during  past  years;  and  also  descriptive  of  the 
methods  of  fishing  employed  and  of  the  former  enquiries  made  on 
the  subject.  The  statistics  are  of  two  kinds — those  published  in 
the  annual  reports,  and  those  derived  from  the  weekly  report 
books  of  the  various  districts.  The  former  go  back  for  nearly  a 
century,  to  the  year  1809,  when  the  Board  of  British  White 
Herring  Fishery  was  established.  They,  however,  only  include  the 
quantities  of  herrings  which  were  cured,  either  on  shore  or  on 
board  vessels,  for  the  greater  part  of  the  period,  and  which  were 
landed  in  the  districts.  In  a  series  of  tables  appended  to  the 
report  these  statistics  are  summarised,  both  in  regard  to  the 
herrings  which  were  cured  and  in  regard  to  the  numbers  of  fisher- 
men and  boats  which  were  employed  in  the  various  districts  of  the 
Clyda  The  second  class  of  statistics  go  back  to  the  year  1854,  so 
that  they  cover  the  considerable  period  of  53  years,  and  they  are 
of  especial  value  as  showing  not  only  the  quantity  of  herrings 
landed  per  week,  month,  and  year  throughout  the  period,  but  also, 
in  the  great  majority  of  cases,  the  places  where  the  fish  were  mostly 
caught  throughout  the  season.  These  statistics  are  also  summar- 
ised in  a  series  of  tables  appended  to  the  report. 

With  regard  first  of  all  to  the  productiveness  of  the  herring 
fishery  in  the  Firth  of  Clyde  as  a  whole,  the  statistics  show  that 
the  latter  part  of  the  period  was  more  productive  than  the  first 
part  The  aggregate  quantity  of  herrings  taken  in  the  53  yeiars 
was  3,314,585  crans,  or  about  11,601,000  cwts.,  the  mean  bainual 
quantity  being  62,540  crans.  In  the  first  twenty-six  yeai-s, 
1854-1879,  the  quantity  landed  was  1,254,902  crans,  the  average 
per  annum  being  48,270  crans;  whereas  in  the  last  twenty-six 
years,  1881-1906,  the  gross  quantity  landed  was  1,950,849  crans, 
the  annual  mean  being  75,030  crans.  The  excess  in  the  total 
quantity  landed  in  the  latter  period  was  thus  695,947  crans,  while 
the  excess  in  the  mean  per  annum  was  26,760  crane. 

This  increase  in  the  yield  of  the  herring  fishery  was  caused  by 
the  increase  in  the  two  western  districts  of  Campbeltown  and 
Inveraray  or  Loch  F}me.  Taking  them  together  the  mean  annual 
catch  in  the  years  1854-1879  was  29,810  crans,  while  in  the  years 
1881-1906  it  was  56,523  crans,  an  average  annual  increase  of 
26,713  crans.  In  Loch  Fyne  the  increase  was  from  22,986  crans  in 
the  earlier  period  to  27,375  crans  in  the  latter  period,  the  mean 
annual  increase  being  4389  crans.  In  the  Cam{)l:)eltown  district 
the  mean  in  the  first  period  was  14,452  crans,  and  in  the  last 
period  26,944  crans,  the  mean  annual  increase  being  12,492  crana 
These  figures  show  that  the  herring  fishery  in  those  districts  has 
on  the  whole  increased  in  the  period.  In  the  other  three  districts 
in  the  Clyde,  Bothesay,  Greenock,  and  Ballantrae,  on  the  other 
hand,  the  average  annual  yield  has  diminished;  in  the  first  by 
3290  crans,  in  the  second  by  2100  crans,  and  in  the  third  by  2658 
crans,  in  the  periods  shown  in  the  Tables. 
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The  exteut  of  the  annual  fluctuations  has  been  considerable. 
The  average  annual  yield  in  crans  in  the  various  districts  and  in  the 
Clyde  as  a  whole  in  ten-year  periods  is  shown  as  follows : — 


Rothe- 
lay. 

Green- 
ock. 

Ballan- 
trae. 

■  •  • 

4,535 

20,518 

8,566 

5,397 

Campbel- 
town. 

LochFyne. 

Campbel- 
town and 
LochFyne 

Whole 
Clyde. 

1857-66 
1867-76 
1877-86 
1887-96 
1897-06 

13,497 

12,006 

4,405 

7,269 

9,040 

*3,170 
6,472 
1,634 
1,587 
1,689 

•  •  • 

8,185 
29,286 
26,158 
26,503 

•  •  • 

20,255 
25,679 
30,943 
24,889 

29,557 
28,440 
54,966 
57,101 
5l>392 

46,225 
51,454 
81,523 
74,523 
67,618 

*  Includes  figures  for  Ballantrae  which,  until  1863,  was  part  of  Greenock  District. 

With  regard  to  the  fishing  in  Loch  Fyne  the  tables  and  plates 
show  that  the  good  years  and  the  bad  years  come  in  groups,  and 
that  only  on  one  occasion,  1897,  a  very  good  year  followed  a  year 
in  which  the  catch  was  below  the  average.  They  also  show  that 
the  recent  period  of  poor  fishing  was  almost  exactly  paralleled 
about  thirty-two  years  ago  (1872-1874),  when  a  slightly  lower  point 
was  reached,  the  curve  of  fluctuations  being  closely  similar  in  the  two 
periods. 

Tables  are  also  appended  to  the  report  showing  that  the  fluctua- 
tions from  year  to  year  in  Loch  Fyne  are  not  greater  than  they  are 
in  other  areas  on  the  East  and  West  Coasts,  where  the  mean  annual 
yield  is  about  the  same. 

The  Food-Value  of  the  Herring. 

In  continuation  of  his  research  on  the  food-value  of  the  Loch 
Fyne  and  West  Coast  herring,  the  results  of  which  were  published 
in  last  year's  Keport,  I'rofessor  Milroy,  of  Queen's  College,  Belfast, 
contributes  to  the  present  Report  a  paper  on  the  food-value  of  the 
East  Coast  autumn  herring.  The  fish  were  obtained  at  Shetland 
and  Fraserburgh,  and  comprised  specimens  of  the  classes  known 
commercially  as  matties,  fidls,  large  fulls,  and  spente.  The  compo- 
sition of  the  herring-muscle  or  flesh  is  stated  in  percentages  of 
water,  total  proteids,  coagulable  proteids,  and  fat ;  the  coagulable 
proteids  represent  the  proteids  which  are  coagulated  on  boiling  the 
fish,  and  are  important  as  an  indication  of  the  nutritive  value. 
The  percentage  amount  of  fat  in  the  fish  is  in  many  respects  the 
most  valuable  indication  of  the  food-value  of  the  herring,  but  it 
must  not  be  regarded  as  the  sole  one.  The  herrings  richest  in  fats 
were  the  matties  and  the  mattie-fulls — fish  in  which  the  repro- 
ductive, organs  were  but  little  developed — while  the  lowest 
percentages  were  found  in  large  spent  herrings  and  large  fulls.  In 
spent  fish  the  proportion  of  fat  varied  from  615  per  cent,  to  9*32 
per  cent. ;  in  fulls  (in  which  the  reproductive  organs  are  almost  or 
quite  developed)  the  percentage  varied  from  7*53  to  12*44;  in 
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matties  and  mattie-fulls  it  ranged  from  10*42  to  1668  per  cent 
Taken  as  a  whole,  the  spent  fish  have  a  lower  fat-percentage  than 
the  corresponding  full  fish ;  but  it  is  possible  that  in  some  cases 
the  fat-percentage  of  even  spent  fish  may  be  higher  than  that  of 
full  fish,  owing  Do  the  fact  that  they  have  been  feeding  and 
commenced  to  store  fat  again. 

Professor  Milroy  points  out  in  comparing  the  West  Coast  and 
East  Coast  fish  that  one  is  struck  with  the  lower  water  and  the 
higher  proteid  and  fat-percentages  in  the  latter  than  in  the  former ; 
such  low  fat-percentages  as  were  obtained  in  some  of  the  winter 
West  Coast  herrings  were  never  found  in  the  East  Coast  autumn 
herrings.  It  was  found,  as  a  rule,  that  the  fish  which  possessed 
the  highest  percentage  of  fat  in  their  muscles  had  the  ovaries  some 
time  short  of  full  maturity.  Usually  fish  with  ovaries  of  about 
one-fourth  of  the  weight  of  the  ovary  when  fully  mature  contained 
the  highesD  percentage  of  fat  in  their  muscles.  There  is  a  gradual 
loss  of  fat  during  the  later  stages  of  maturation  of  the  ovaries, 
succeeded  by  a  serious  loss  after  the  spawning  of  the  fish.  This 
loss  after  spawning  is  evidently  a  very  rapid  one,  as,  although  there 
must  be  a  short  period  after  spawning  when  the  spent  fish  contains 
practically  the  same  amount  of  fat  as  the  full  fish,  it  is  rare  that 
one  observes  this  in  analyses,  and  when  it  is  observed  it  is  possibly 
in  some  cases  due  to  the  fact  that  the  fish  is  a  spent  fish  in  the 
period  of  recuperation.  It  is  after  spawning  that  the  muscles  of 
the  fish  lose  the  largest  amount  of  their  stored  nutritive  material, 
and  it  is  then  that  the  most  undoubted  loss  of  weight  occurs,  over 
and  above  that  which  can  be  accounted  for  by  the  complete 
discharge  of  the  ovaries. 

The  Food  of  the  HERiaNG. 

Dr.  Thomas  Scott  contributes  a  paper  to  the  present  Eeport  on 
the  food  of  the  herring,  as  determined  by  the  examination  of  the 
stomachs  of  over  five  hundred  specimens  obtained  from  various 
districts,  including  Loch  Fyne,  Stomoway,  Loch  Broom,  and  the 
Firths  of  Forth  and  Clyde.  The  food  observed  consisted  of  post- 
larval  fishes  (chiefly  herrings,  sprats,  and  sand-eels)  to  some  extent, 
but  mostly  of  pelagic  Crustacea.  Among  the  latter  the  most 
important  as  food  for  the  herring  appear  to  be  certain  Schizopods, 
Amphipods,  and  also  Copepoda,  as  Calanus,  Dr.  Scott  also 
examined  into  the  condition  known  as  "  gutpoke,"  which  is  to  be 
observed  in  many  of  the  herrings  taken  in  Loch  Fyne,  especially  in 
the  earlier  part  of  the  season.  In  this  condition  the  stomach  and 
intestine  are  distended  with  food  of  a  soft  and  oily  nature,  such  as 
Gaianv^  and  post-larvel  clupeoids,  which  passes  along  the  gut  with- 
out being  properly  digested  and  causes  rapid  decomposition  to  set 
in. 

The  Spawning,  Growth,  and  Movement  of  the  Mussel, 
Horse-Mussel,  and  the  Spout-Fish. 

On  these  subjects  Dr.  H.  C.  Williamson  contributes  a  paper  to 
this  Eeport,  illustrated  with  a  number  of  figures.    The  development 
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ftod  condition  of  the  reproductive  organs  in  the  common  mussel  in 
various  months  of  the  jear  are  described,  specimens  having  been 
kept  in  aquaria.  At  the  Bay  of  Nigg  the  common  mussel  was 
observed  to  spawn  in  April  and  in  June,  but  its  spawning  time  is 
known  to  be  more  extended.  Observations  were  also  made  on  the 
growth  of  the  mussel  and  the  conditions  favourable  and  unfavour- 
able to  growth,  as  well  as  on  its  movements  and  the  anatomy  of  the 
byssus  and  foot. 

The  Invkbtebrate  Fauna. 

Dr.  Scott,  in  continuation  of  his  work  among  the  smaller  marine 
Crustacea  which  have  been  obtained  in  the  course  of  the  fishery 
investigations,  has  prepared  a  paper,  printed  in  this  Beport,  on  a 
number  of  interesting  forms.  Two  of  the  species  which  are  dealt 
with  were  discovered  as  parasites  on  the  piked  dogfish,  and  are 
here  described  for  the  first  time,  and  another  occurs  as  a  commensal 
in  the  branchial  chamber  of  large  ascidians.  The  paper  is  illustrated 
with  three  plates. 

We  have  the  honour  to  be. 

Sir, 
Your  most  obedient  Servants, 

ANGUS  SUTHERLAND,  Chairman. 

D.  CRAWFOBB,  Depdy-Chavrman. 

D'ARCY  W.  THOMPSON. 

W.  R  DUGUID. 

L  MILLOY. 

D.  MEARNS. 

H.  WATSON 

WM.  C.  ROBERTSON,  Seoretary. 
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During  the  last  few  years,  as  mentioDed  in  previous  Annual  Reports, 
an  enquiiy  has  been  in  progress  with  respect  to  the  herring  fisheries  in 
the  Firth  of  Clyde,  and  especially  in  Loch  Fyne.  Those  fisheries,  like 
the  herring  fishery  on  other  parts  of  the  coast,  are  subject  to  considerable 
fluctuations  from  year  to  year  ;  and  from  the  circumstance  that  they  are 
carried  on  in  comparatively  confined  and  narrow  waters  and  by  several 
methods  of  fishing,  they  have  given  rise  at  various  times  of  scarcity  to 
controversy  concerning  usually  either  the  alleged  injuriousness  of  one  or 
other  of  the  modes  of  capture,  or  of  the  fishing  being  pursued  at  an 
improper  season  at  a  particular  place.  Of  late  years  such  complaints  have 
been  accentuated  owing  to  the  failure  of  the  fishing  in  Loch  Fyne.  In 
that  important  area  the  yield  has  declined  gradually  since  1897,  the  year 
in  which  the  maximum  quantity  recorded  was  obtained,  and  a  very  low 
point  was  reached  in  1905  and  1906.  It  will  be  shown  lat-er  that  the 
recent  diminished  productiveness  of  the  herring-fishing  in  Loch  Fyne  is 
an  almost  exact  repetition  of  what  occurred  in  the  period  1868-1874, 
when  even  a  lower  point  was  reached. 

The  objects  of  the  enquiry  were  to  ascertain  the  nature  and  extent  of 
the  fluctuations,  and  as  far  as  possible  their  causes  ;  to  throw  light  on 
the  movements  of  the  shoals  into  and  out  of  the  Loch  in  relation  to  the 
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temperature  of  the  water  and  the  amount  of  food  material  present  in  it ; 
and  to  determine  the  extent,  places,  and  seasons  of  spawning.  A  scheme 
was  accordingly  prepared  on  which  the  investigation  might  pi-oceed, 
comprising  the  following  : — (1)  A  study  of  all  the  statistics  that  could  he 
-obtained  for  each  of  the  Clyde  fishery  districts  in  former  years,  going  as 
far  back  as  possible,  and  of  the  reports  and  remarks  of  the  Fishery 
Officers.  (2)  Serial  observations  at  intervals  on  the  temperature  of  the 
water  at  different  depths.  (3)  Simultaneous  collections  of  the  plankton 
or  floating  organisms  upon  which  the  herring  principally  feeds.  (4)  The 
marking  and  liberation  of  herrings  when  possible,  with  the  view  of 
ascertaining  their  movements.  (5)  The  examination  of  large  numbers  of 
herrings  periodically  from  various  parts  of  the  Clyde,  to  determine  their 
feeding,  the  condition  of  the  reproductive  organs  as  to  maturity,  and  the 
rapidity  with  which  these  organs  develop  and  become  fully  mature. 
Special  nets  have  also  been  used  to  ascertain  the  presence  of  small  post- 
larval  and  young  herrings  in  the  loch,  and  a  research  was  made  by 
Professor  Milroy  on  the  chemical  composition  of  the  herrings  at  diflerent 
sexual  stages,  the  results  of  which  have  already  appeared.* 

Since  the  range  of  movement  of  a  shoal  of  herrings  at  different 
periods  of  the  year  on  any  part  of  the  coast  is  unknown,  but  is  believed 
to  be  considerable,  it  was  desired  that  the  investigation  might  cover  at 
least  the  whole  of  the  sea  area  of  the  Clyde.  It  was  obviously  of  import- 
ance that  the  observations  should  not  be  confined  to  Loch  Fyne,  but 
should  include  the  other  parts  of  the  Firth,  and  (>articularly  the  channels 
by  which  the  herrings  enter  or  leave  the  loch.  Comparison  of  the 
temperature^  and  of  the  plankton  at  any  given  time  in  these  areas  would 
be  of  value.  It  wan,  however,  found  to  be  impossible  to  extend  the 
observations  in  the  way  indicated,  owing  to  the  want  of  means,  and,  with 
the  exception  noted  below,  the  temperature  and  plankton  observations 
have  been  limited  to  Loch  Fyne,  a  small  yacht  and  boats  being  hired  for 
the  purpose,  since  no  steamer  is  at  the  disposal  of  the  Board  for  such 
work  in  the  Clyde. 

A  number  of  "  Stations*'  were  fixed  upon  at  intervals  of  a  few  miles, 
extending  from  near  the  mouth  of  the  loch  to  the  neighbourhood  of 
Inveraray.  At  each  Station  the  temperHture  of  the  water  was  determined 
at  intervals  of  nfteen  fathoms  from  the  surface  to  the  bottom,  collections 
of  plankton  being  also  made  at  the  same  levels,  and  the  observations 
were  carried  on  as  far  as  possible  in  each  month  throughout  the  year. 
In  addition  to  these  Captain  Alexander,  of  the  superintending  Fishery 
cruiser  "Vi^lant."  has  taken  observations  of  the  temperature  of  the 
water  (without  plankton  collections)  at  the  surface,  bottom,  and  one 
intermediate  depth,  at  various  parts  of  the  Firth  of  Clyde,  and  these 
records,  with  the  sanction  of  the  Board,  have  been  placed  at  disposal. 

The  various  investigations  noted  above  are  being  continued,  and  will 
be  reported  on  later.  This  part  of  the  report  deals  with  the  fluctuations 
in  the  yield  of  the  fishery  from  year  to  year,  and  is  based  upon  the 
statistics  which  have  been  collected  by  the  Fishery  Officers  of  the  various 
districts  since  1809,  but  mainly  since  1854,  as  more  fully  explained 
below. 

Thb  Methods  of  Fishing. 

In  the  Firth  of  Clyde  herrings  are  captured  by  three  methods  of 
fishing — viz.,  by  drift-nets,  seine-nets,  and  set-nets  or  ground-nets,  of 
which  the  two  former,  and  especially  the  seine-net,  are  the  more  impor- 

*  See  TwefUy-Fowrth  Annual  lUfort,  Part  III.,  p.  83. 
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tant.  Many  fishermen  make  use  of  more  than  one  method,  and  it  is 
common  for  the  seine- net  or  the  drift-net  to  he  used  hy  the  same  crews 
at  different  times  according  to  the  judgment  of  the  men  as  to  which  is 
likely  to  be  the  more  successful.  The  set-nets,  locally  but  improperly 
called  *'  trammels/'  are  used  principally  at  Ballantrae  and  on  the  Ayr-, 
shire  coast,  and  also  to  a  small  extent  in  other  localities  occasionally,  as 
in  the  upper  reaches  of  Loch  Fyne  and  the  Kyles  of  Bute.  By  far  the 
most  important  method  nowadays  is  the  seine,  or  so-called  "  trawl,"  as 
is  shown  by  the  following  figures  representing  the  percentageB  of  each 
method  of  fishing  in  the  Firth  of  Clyde  districts  for  the  year  1906. 
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The  seine-net,  which  is  said  to  have  been  first  used  in  Loch  Fyne  in 
1838,  and  was  then  improvised  from  a  drift-net,  varies  from  about  150 
to  180  yards  in  length  when  mounted  on  the  ropes  and  ready  for  use. 
The  depth,  which  is  the  same  throughout,  may  extend  to  twenty  fathoms, 
or  about  forty  yards.  The  meshes  of  the  sides  or  wings  of  the  net  range 
from  33  to  35  to  the  yard,  but  in  the  central  part  or  bag,  where  the 
strain  is  greatest  when  the  net  is  hauled,  the  meshes  are 
somewhat  smaller  and  the  twine  of  greater  thickness.  The  upper 
rope  of  the  net  is  corked  at  intervals,  and  the  sole 
rope  is  weighted  with  leaden  sinkers,  while  the  draw-rope  at 
the  bottom,  by  which  the  net  is  hauled,  may  be  from  200  to  300 
fathoms  in  length.  The  seine-net  is  worked  by  two  boats,  or  pairs,  each 
of  which  has  four  men,  so  that  eight  men  are  employed  in  connection 
with  each  eeiue.  It  may  be  used  from  the  shore  or  in  shallow  water  like 
an  ordinary  ground-seine,  a  method  known  as  "scringing,''  and  then  it  is 
not  uncommon  for  other  fishes  than  herrings  to  be  taken,  especially  flat 
fishes  on  certain  grounds.  When  employed  in  deep  water,  as  towards  the 
middle  of  Loch  Fyne,  the  method  is  knowu  as  "ringing"  or  "circling." 
The  pair  of  fishing  skiffs  sail  slowly  about,  never  very  far  apart  from  one 
another,  looking  for  the  signs  of  herrings,  and  when  it  is  decided  to  shoot 
the  net,  the  method  is  as  follows.  One  of  the  boats  is  anchored  or 
stationary,  and  the  end  of  the  rope  is  passed  to  it  from  the  other  boat, 
which  then  moves  off  paying  out  the  net  as  it  goes,  and  after  making  a 
sweep  to  enclose  the  fish  it  returns  to  the  stationary  boat.  The  net  is 
then  hauled,  care  being  taken  as  far  as  possible  to  prevent  the  escape  of 
the  herrings  downwards  by  drawing  the  lower  edge  of  the  net  under  them 
as  the  circle  is  contracted ;  this  edge  is  then  brought  on  board,  and  the 
breadth  of  the  net  forms  a  bag  in  which  the  herrings  are  contained,  and 
from  which  they  are  removed  to  the  boat.  This  method  of  fishing  is 
sometimes  very  successful,  enormous  quantities  of  fish  being  occasionally 
obtained,  and  it  is  not  uncommon  for  the  net  to  burst  owing  to  the  weight 
of  herrings  in  it.  From  the  fact  that  the  meshes  of  the  seine  are  narrow, 
and  the  strain  upon  them  when  hauling  tends  to  contract  them  still 
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further,  it  sometimes  happens  that  large  quantities  of  small  or  unsaleable 
herrings  are  taken  by  it.  This  has  been  often  a  subject  of  complaint  by 
fishermen  pursuing  other  methods,  and  especially  by  those  using  the  drift- 
net. 

The  drift-net  and  the  set-net  act  in  a  different  way.  They  are  both 
gill-nets,  the  herrings  being  caught  by  the  gills  as  they  endeavour  to  pass 
through  the  meshes.  The  drift-net  floats  in  the  water,  usually  at  or  near 
the  surface,  but  in  Loch  Fyne,  particularly  in  the  deep  upper  loch,  it  may 
be  used  by  lengthening  the  buoy  ropes  in  very  considerable  depths,  as  far 
down  as  sixty  fathoms.  A  "train  "or  "fleet"  of  drift-nets  may  contain 
from  ten  to  eighteen  or  more  nets,  and  from  the  fact  that  the  meshes,  are 
larger,  running  from  about  31  to  34  in  a  yard,  and  that  Ihey  stand  o])en, 
the  smaller  class  of  herrings  escapes  capture,  and  the  siae  of  the  herrings 
caught  is  more  uniform  as  a  rule  than  with  the  seine- ret.  The  set-net  or 
ground-net  fishes  in  the  same  manner  as  the  drift-net,  but  it  is  anchored 
to  the  bottom.  It  consists  essentially  of  a  strip  of  drift-net,  sixty  to  eighty 
meshes  deep,  the  upper  ro[)e  corked  and  the  lower  weighted,  so  that  it 
stands  as  a  wall  of  netting  rising  up  from  near  the  bottom.  At  Ballantrae, 
where  it  is  chiefly  employed,  the  nets  are  left  in  the  water  over-night,  and 
visited  each  morning  when  the  weather  permits,  the  herrings  being 
removed  and  the  net  again  set.  It  is  an  effective  method  on  a  spawning 
ground,  as  Ballantrae  Bank. 

One  of  the  chief  complaints  which  have  been  made  in  the  past  among 
the  herring  fishermen  in  Loch  Fyne  refers  to  the  use  of  the  seine-net,  or 
so-called  "herring  trawl."  As  already  stated,  this  method  is  believed  to 
have  been  introduced  about  1838,  and  it  was  so  successful  that  within  a 
few  years  it  was  very  commonly  employed,  and  disputes  soon  arose 
between  the  "  trawlers  "  or  seiners  and  the  ordinary  drift-net  fishermen. 
The  latter  alleged  that  the  seine-net  was  injurious  by  destroying  large 
quantities  of  small  and  immature  herrings,  by  dispersing  the  "  eyes  "  or 
shoals  of  herrings  entering  Loch  Fyne  or  other  narrow  waters,  and  by 
disturbing  and  destroying  the  spawn  when  used  over  spawning  grounds. 
This  view  was  supported  by  the  fish-merchants  and  accepted  by  the 
authorities,  and  in  1851  an  Act  of  Parliament  was  passed  prohibiting  the 
employment  of  the  seine  for  catching  herrings,  and  recognising  the  drift- 
net  as  the  only  legal  method  of  capture.*  Great  diflBculty  was  found  in 
enforcing  this  Act,  and  the  seine-net  flshermen  endeavoured  to  evade  it  by 
all  the  means  in  their  power.  It  is  clear  from  the  reports  of  the  Fishery 
Officers,  as  well  as  from  the  official  enquiries  held  later,  that  seining 
continued  year  after  year,  and  was  sometimes,  indeed,  the  method  by  which 
the  greater  quantity  of  herrings  was  obtained,  especially  after  1854,  when 
the  superintending  gunboat  was  withdrawn  owing  to  the  outbreak  of  war 
with  Russia.  It  is  not  surprising  that  this  should  have  been  the  case, 
because  again  and  again  it  is  recorded  that  while  the  drifters  were 
obtaining  a  few  hundred  herrings  the  "trawlers"  were  making  large  hauls 
and  large  profits,  their  fish  sometimes  selling  (1857)  for  as  much  as 
288.  6d.  the  "long"  hundred,  of  120,  or  nearly  threepence  each.  The 
headquarters  of  the  seiners  was  Tarbert,  though  many  seines  were  also 
employed  by  Ardrishaig  boats,  while  at  Inveraray  and  in  the  other  parts 
of  the  upper  loch  the  drift  alone  was  used.  In  1858,  and  again  in  1859, 
herrings  were  abundant  in  Upper  Loch  Fyne,  and  on  the  seiners  from  the 
lower  loch  making  their  way  thither,  the  drift-net  fishermen  declared 
their  intention  of  enforcing  the  Act  against  the  use  of  the  seine-net,  and 
for  this  purpose  took  firearms  on  bosuxi  their  boats.     In  1860  another 

*  "  An  Aot  to  Amend  the  Acts  relating  to  the  BritiBh  White  Herring  Fishery," 
14  and  15  Viot.,  o.  26,  s.  6. 
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and  more  Btringent  Act  was  passed  against  seine-net  fishing  for  herrings,* 
and  it  was  enforced  as  far  as  possible  in  the  Clyde  with  the  assistance  of 
two  gunboats  and  a  staff  of  police  on  shore.  Seining,  however,  still  went 
on,  especially  from  Tarbert,  and  in  1861  a  third  Act  was  found  to  be 
necessary,  which  gave  power  not  only  to  seize  and  forfeit  the  seine-nets, 
but  also  the  boats  using  them  and  all  the  fish  tbey  might  contain.t 
Under  this  Act  numerous  boats  and  nets  were  seized  and  destroyed.  In 
June,  1861,  a  fisherman  was  shot  dead  by  a  marine  of  one  of  the  gunboats 
engaged  in  sappressing  "trawling,"  and  the  Fishery  Officer  remarks,  with 
reference  to  this  occurrence,  that  the  "  fishermen  are  as  determined  on 
trawling  as  ever,  and  say  they  won't  give  it  up,  and  condemning  them- 
selves martyrs,  they  seem  inclined  to  court  martyrdom  "  Later  in  the 
same  month  he  reported  that  the  fishing  was  being  very  irregularly 
conducted,  and'  "  although  the  fishermen  state  that  they  see  plenty  of 
herrings,  they  cannot  succeed  in  getting  them  by  drift-nets,  and  the 
cruisers'  boats  harass  the  trawlers  so  much  that  they  cannot  manage  with 
all  their  ingenuity  to  get  a  haul.''  In  this  year  very  little  seining  tocik 
place,  owing  to  the  strength  and  vigilance  of  the  police  force  both  on  sea 
and  shore,  and  the  herrings  being  abundant  and  the  drifters  successful, 
the  fishermen  very- generally  equipped  themselves  with  drift-nets  and  made 
use  of  that  method  of  fishing. 

In  this  year,  also,  an  important  Commission  was  appointed  to  enquire 
into  the  operaldon  of  the  Acts  above  referred  to.  It  was  composed  of  Dr. 
Lyon  Play  fair.  Professor  Huxley,  and  Lieut. -Colonel  Maxwell.  The 
Commission  examined  all  the  evidence  placed  before  them  by  the  Board 
of  Fishery,  and  made  a  personal  investigation  at  Loch  Fyne  and  elsewhere. 
They  found  that  the  yield  of  the  herring  fishing  in  Loch  Fyne  had 
increased  rather  than  diminished,  when  a  period  of  years  was  considered, 
notwithstanding  the  use  of  the  seine-net.  *'  When  we  look  back,"  they 
say  in  their  report,:}:  "  to  the  records  of  the  fishing  in  Loch  Fyne  for  the 
last  fifty  or  sixty  years,  we  find  many  periods  of  bad  fishing  and  gloomy 
depression  on  the  part  of  the  fishermen.  In  such  times  of  panic  they 
have  always  been  ready  to  demand  legislative  protection  against  other 
classes  of  fishermen  who  were  supposed  to  be  interfering  with  their 
int<erests.  Thus,  in  1836,  the  Fishery  Officer  at  Loch  Fyne,  expressing  the 
views  of  the  fishermen  there,  entreats  the  Board  to  protect  that  loch  from 
ruin  by  putting  down  all  fishing  on  the  East  Coasts  of  Scotland  during 
the  only  months  when  it  was  productive,  because  the  West  Coast  fisher- 
men are  persuaded  that  it  is  the  fish  of  the  West  Coast  which  travel  to 
the  Fast  Coast  to  spawn.  In  fact,  every  time  that  there  is  a  panic  the 
reasons  assigned  for  the  failure  of  the  hexring  alter,  but  are  strongly 
pressed  upon  the  Fishery  Board  as  demands  for  immediate  prohibitory 
measures."  The  conclusion  of  the  Commission  was  that  the  Acts  were 
quite  unnecessary  and  had  been  injurious,  and  that  seining,  or  trawling, 
for  herrings  had  not  diminished  the  productiveness  of  the  fishery  in  Loch 
Fyne,  which,  on  the  contrary,  had  increased.  They  expressed  the  opinion 
that  if  any  legislation  had  been  requisite,  it  should  have  been  applied  to 
a  regulation  of  the  size  of  the  mesh  of  the  seines,  which  were  frequently 
under  the  legal  standard,  and  they  recommended  that  the  Board  of 
Fisheries  should  have  discretionary  powers  to  prohibit  seining  for  herrings 
in  waters  which  are  too  narrow  for  that  method  and  drift-net  fishing  being 

*  **  An  Act  to  Amend  the  Law  relative  to  the  Scottish  Herring  Fisheries,"  23 
and  24  Vict.,  c.  92. 

t "  An  Act  to  make  further  Provision  for  the  Regulation  of  the  British  White 
Herring  Fishery,"  24  and  25  Viet.,  c.  72. 

^  Report  of  the  Royal  CSommission  on  the  Operation  of  the  Acts  relating  to 
Trawling  for  Herring  on  the  Coasts  ol  Scotland,  1863. 
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peaceably  carried  on  together,  as  in  Upper  Loch  Fyne,  above  Otter  Spit^ 
and  in  the  Kyles  of  Bute,  bat  these  powers  should  be  enforced  merely  as 
a  matter  of  police. 

Another  Royal  Commission  reported  on  the  subject  a  few  years  later. 
It  was  composed  of  Sir  James  Caird,  Professor  Huxley,  and  Mr.  G.  Shaw- 
Lefevre.  In  1864  they  visited  the  Clyde  districts,  and  in  their  report* 
they  said — "  We  are  unable  to  find  any  satisfactory  proof,  in  the  evidence 
that  has  been  broaght  before  us,  that  trawling  or  circle -net  fishing  for 
herrings  is,  when  properly  practised,  wasteful,  or  destructive  to  the 
brood  and  spawn  of  the  herring.  We  are  of  opinion  that  it  has  been  and 
may  be  a  very  important  means  of  supplying  the  market  with  an 
abundance  of  fish,  and  that,  not  uufrequently,  under  circumstances  which 
preclude  the  capture  of  herrings  by  the  drift-net  fishermen."  They 
pointed  out  that  it  was  perfectly  clear  that  there  are  times  when  the 
''  trawl "  will  take  fish  when  none  can  be  caught  by  the  drift-net  They 
declared  their  opinion  that,  except  in  a  certain  specified  locality  (Upper 
Loch  Fyne  and  the  Kyles  of  Bute),  no  justification  whatever  existed  for 
the  suppression  of  seine-net  fishing  for  herrings,  and  they  recommended 
the  repeal  of  the  Acts. 

It  appears  that  the  firm  enforcement  of  the  Acts  by  the  Board  of 
Fisheries  had  brought  about  a  change  in  the  opinions  of  the  fishermen 
themselves,  who,  when  the  drift-net  failed  to  take  the  herrings  they  knew 
to  be  present  in  the  loch,  were  prevented  from  using  the  seine  by  which 
they  might  have  been  caught.  By  an  Act  passed  in  1867t  it  was  made 
lawful  to  fish  for  and  take  herrings  and  herring  fry  at  all  places  on  the 
coasts  of  Scotland,  in  any  manner  of  way,  and  by  means  of  any  kind  of 
net  having  meshes  not  less  than  the  regulation  size  of  one  inch  from 
knot  to  knot,  and  the  sections  in  the  Acts  of  1851,  1860,  and  1861  which 
referred  to  seine-net  fishing  for  herrings  were  repealed  by  the  Sea 
Fisheries  Act  of  1868. 

The  restoration  of  the  liberty  to  use  the  seine-net  was  received  with 
great  satisfaction  by  the  fishermen  generally.  They  had  petitioned  that 
the  liberating  Act  might  be  hastened,  and  when  intelligence  was  received 
in  July,  1867,  that  the  Act  had  received  the  royal  assent  there  was  much 
rejoicing.  The  fishermen  in  Upper  Loch  Fyne,  who  had  been  the  most 
resolute  opponents  of  seining  some  years  before,  provided  themselves  with 
seine-nets,  the  fishing  was  carried  on  throughout  the  season  almost 
entirely  with  such  nets,  and  the  Officers  reported  that  there  were  no  com- 
plaints of  any  kind.  Except  for  a  short  period  in  September,  scarcely  any 
drift-nets  were  employed,  and  then  mostly  because  the  men  were  not 
possessed  of  seines.  They  were,  moreover,  singularly  unsuccessful, 
catching  hardly  any  herringa 

In  the  season  of  1868,  however,  a  change  occurred.  When  the  fishing 
opened,  and  for  a  few  weeks  afterwards,  seines  alone  were  used,  but  then 
it  was  found  that  the  drift-net  was  more  successful  than  the  seine,  and  as 
the  season  advanced  more  and  more  of  the  boats  put  aside  the  seines  and 
employed  drift-nets,  which  continued  the  more  successful  until  the  end  of 
the  year.  The  reason  given  by  the  Fishery  Officer  was  that  the  herrings 
kept  more  than  usual  out  in  the  deep  water,  where  at  that  time  the  seine- 
net  could  not  be  well  used.  In  1869  the  fishing  began  in  the  same  way 
and  drift-nets  gradually  replaced  the  seines.  At  the  end  of  June  190 
boats  used  seine-nets  and  51  drift-nets;  by  the  middle  of  July,  half  the 

*  Report  of  the  CommiBsioners  appointed  to  inquire  into  the  Sea  Fisheries  of 
the  United  Kingdom,  Vol.  I.,  1866. 

t  **  An  Act  to  Alter  and  Amend  the  Acts  relating  to  the  British  White  Herring 
Fiahery,  1867,"  30  and  31  Vict.,  c.  62. 
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fleet  of  boats  were  using  drift-nets ;  in  the  middle  of  August,  285  boats 
employed  drift-nets  and  167  seines ;  by  the  end  of  August,  270  boats 
used  drifts  and  128  seines.  In  September,  however,  heavy  catches 
began  to  be  got  by  the  seines,  and  for  a  week  or  two  these  nets  were 
chiefly  employed.  In  the  seasons  of  1870  and  1871  the  drift-net  was 
also  more  successful  than  the  seine,  and  was  much  more  used. 

Fishermen  thus  became  accustomed  to  use  either  the  seine-net  or  the 
drift-net  according  to  which  was  the  more  profitable,  and  harmony 
prevailed  among  drifters  and  seiners  so  long  as  herrings  were  abundant 
and  the  fishing  successful.  The  year  1868,  the  first  year  since  1851  in 
which  the  use  of  the  seine-uet  was  lawful  throughout  the  whole  season 
(although,  as  just  stated,  the  drift-net  was  chiefly  employed),  the  yield  of 
the  fishery  was  very  high,  amounting  for  Loch  Fyne  to  39,795  crans^  or 
about  139,280  cwts.  From  that  year  to  1873  and  1874  there  w^  a 
gradual  decline  in  the  productiveness  of  the  Loch  Fyne  herring  fishery, 
and,  although,  as  mentioned  above,  the  drift-net  was  mostly  employed, 
the  seine-net  began  again  to  be  held  responsible  for  the  falling-off  in  the 
catch.  In  1874  the  local  Members  of  Parliament  (the  Marquis  of  Lome 
for  the  County  of  Argyll,  Mr  C.  Dalrymple  for  the  County  of  Bute,  and 
Sir  William  J.  M.  Cuninghame  for  the  Ayr  Bnrghs)  undertook  an 
enquiry  with  a  view  to  ascertain,  if  possible,  what  had  occasioned  the 
decline.  They  were  attended  by  the  A^ssistant  Inspector  of  Fisheries  (Mr 
George  Reiach),  and  visited  the  different  localities,  collecting  the  opinions 
of  fishermen  and  others,  and  they  submitted  a  report  to  the  Qovernment 
in  the  following  year.*  They  stated  that  they  had  examined  the 
antagonistic  opinions  of  the  drifters  and  seiners  with  great  care,  and  by 
the  light  of  all  the  information  they  oould  collect,  and  they  were  not 
satisfied  that  the  '*  trawl-net,''  though  possibly  in  some  cases  a  destructive 
and  wasteful  engine  of  fishing,  was  the  cause  of  the  evil.  The  fact  could 
not  be  explained  away  that  the  herrings  were  at  that  time  disinclined  to 
enter  other  narrow  waters  where  'Hrawling*'  was  unknown.  Other 
theories  had  been  suggested  to  them — such  as,  that  the  temperature  of  the 
air  or  water  or  the  amount  of  rainfall  might  have  afifected  the  fish 
injuriously,  or  that  the  natural  food  of  the  herrings  might  have  failed 
from  natural  causes — for  which  theories,  however,  they  thought  the  evi- 
dence was  very  slight.  On  the  whole  they  were  inclined  to  the  opinion  that 
the  fishing  had  been  carried  on  to  too  great  an  extent  in  the  narrow 
waters,  and  they  recommended  that  steps  should  be  taken  to  restrict  it  to 
a  certain  extent.  They  recommended  that  the  annual  close-time  from  1st 
February  to  1st  June  (which  was  established  by  the  Act  28  and  29  Vic. 
c.  22,  1865)  should  be  strictly  enforced ;  that  the  weekly  close-time 
should  be  extended  so  that,  north  of  a  line  drawn  from  the  Mull  of 
Galloway  to  the  Mull  of  Kintyre,  it  should  begin  at  6  p.m.  on  Saturday 
and  last  till  midnight  on  Sunday ;  that  the  old  regulation  against  daylight 
fishing  should  be  renewed  and  enforced,  and  that  the  regulation 
regarding  the  dimensions  of  the  mesh  of  herring  nets,  which  was  much 
neglected,  should  be  enforced. 

In  1877  another  Commission,  consisting  of  Mr.  Frank  Buckland, 
Sir  Spencer  Walpole,  and  Mr.  Archibald  Young,  inquired  into  the 
subject  of  the  Scottish  herring  fishing,  including  the  use  and  effect 
of  the  seine-net  in  Loch  Fyne.  They  came  to  the  same  general  con- 
clusions as  the  previous  Commissions  had  done,  expressing  the  opinion 
that  "trawling"  involved  little,  if  any,  more  waste  than  drift-net 
fishing.     They  also  agreed  that,  as  a  mere  matter  of  police,  it  was 

*  Report  by  the  CommiBsioners  of  the  Fishery  Board  for  Scotland  of  their 
Proceedings  in  the  Year  ended  Slst  December,  1875,  p.  3. 
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desirable  to  give  power  to  prohibit  the  use  of  the  seiue  in  Upper  Loch 
Fyne  and  in  other  narrow  waters  less  than  one  mile  wide. 

By  the  Sea  Fisheries  Regulation  (Scotland)  Act,  1895,  power  was 
given  to  the  Fishery  Board,  by  bye-law  or  bye-laws,  to  prohibit  seine 
trawling  within  any  area  or  areas  within  the  limits  specified  in  the  sixth 
section  of  the  Herring  Fishery  (Scotland)  Act,  1889,  or  in  the  schedule 
annexed  to  it;  and  a  bye-law  was  passed  in  1901  prohibiting  the  use  of 
the  seine-net  for  herrings  on  Ballantrae  Bank  and  neighbouring  waters,  as 
defined  therein.* 

While,  as  shown  above,  the  seine-net  is  less  effective  at  some  periods 
than  the  drift-net,  there  is  no  doubt  that,  taken  on  the  whob,  it  is  the 
most  successful  method  prosecuted  in  the  Firth  of  Clyde,  and  its  use 
has  extended  considerably  in  recent  years. 

The  statistics  showing  the  extent  to  which  the  various  modes  of 
fishing  have  been  practised  in  the  various  districts  in  the  Firth  of  Clyde 
do  not  extend  very  far  back,  bat  in  the  following  Table  the  particulars 
are  given  for  four  of  the  five  districts  in  the  years  1899-1901,  and  for 
the  five  districts,  and  the  whole  area,  in  the  years  1902-1906  : — 

*  Twmtitth  AnnwU  BepoH,  Part  L,  p.  258. 
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District. 

Sbinb-net. 

Dritt-nst. 

Trammkl-nst. 

• 

« 

• 

1 

• 

1 

I 

£ 

1 

C 

1 

£ 

1 

i 

£ 

1890. 

Ballantrae, 

32 

•  •  • 

977 

356 

90 

•  •  • 

1,183 

1,658 

22 

•  •  ■ 

757 

751 

Rotheeav, 
Campbeltown,  - 

18 

72 

2,000 

2,223 

77 

218 

1,968 

2,187 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

140 

630 

27,541 

33,672 

95 

320 

4,357 

6,579 

•  •  • 

» •  • 

•  •  • 

•  •  ■ 

Inveraray, 

138 

552 

23,541 

34,074 

105 

276 

7,847 

6,875 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

1000. 

Ballantrae, 

42 

•  •  • 

2,286 

1,607 

78 

•  •  • 

1,363 

2,045 

28 

•  •  • 

1,824 

1,428 

Rotheeav, 
Campbeltown,  - 

60 

240 

1,706 

2,100 

31 

93 

569 

701 

•  •  • 

•  • » 

•  •  • 

•  •  • 

200 

900 

37,652 

48,145 

64 

192 

2,905 

4,230 

•  •  • 

■  •  • 

• « • 

•  ■  • 

Inveraray, 

156 

624 

19,794 

30,589 

97 

239 

4,949 

5,691 

■  ■  • 

•  •  • 

•  •  • 

•  •  ■ 

1001. 

Ballantrae, 

84 

•  •  • 

7,302 

5,522 

72 

•  •  ■ 

1,432 

1.465 

26 

•  •  • 

1,816 

1,850 

Rotheeav, 
Campbeltown,  • 

42 

140 

1,443 

1,650 

30 

68 

391 

470 

•  •  • 

■  ■  ■ 

•  •  • 

•  •  ■ 

176 

762 

29,487 

30,518 

86 

258 

1,862 

2,782 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Inveraray, 

164 

656 

26,350 

28,758 

96 

288 

2,567 

3,455 

•  ■  • 

•  •  • 

• » • 

•  ■  • 

1002. 

Greenock, 

140 

560 

1,322 

1,396 

66 

198 

554 

570 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

Ballantrae, 

56 

224 

3,469 

3,562 

73 

219 

2,916 

3,337 

49 

147 

1,652 

2.120 

Rothesav, 
Campbeltown,  - 

261 

1,015 

25,306 

13.748 

20 

60 

743 

709 

■  •  • 

•  •  ■ 

•  •  ■ 

•  •  • 

160 

720 

36,227 

36,393 

70 

215 

1,789 

2,475 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Inveraray, 
Totals, 

172 

688 

24,279 

27,910 

124 

372 

1,064 

2,060 

2,667 

•  •  • 

•  •  • 

147 

•  •  ■ 

•  •  • 

789 

3,207 

90,603 

83,009 

353 

8,062 

9,758 

49 

1,652 

2,120 

1003. 

Greenock, 

•  •  • 

•  •  • 

•  ■  > 

•  •  • 

23 

78 

435 

504 

•  •  • 

•  •  • 

•  •  • 

•  • « 

Ballantrae, 

50 

250 

234 

193 

70 

210 

1,765 

1,845 

31 

93 

245 

282 

Rotheeav, 
Campbeltown,  • 

253 

1,047 

25,689 

17.314 

86 

270 

2,672 

2,236 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

158 

732 

29,254 

36,892 

42 

136 

506 

887 

•  •  • 

•  •  • 

« «  • 

■  •  • 

Inveraray, 
Totals, 

170 
631 

680 

20,176 

28,492 

40 

130 
824 

1,002 

1,585 

6 

12 
105 

•  ■  • 

•  •  ■ 

2,709 

75,353 

82,891 

261 

6,382 

7,057 

37 

245 

282 

1004. 

Greenock, 

•  •  • 

•  •  • 

• » • 

•  •  ■ 

18 

54 

271 

424 

•  • « 

•  •  • 

• « ■ 

•  • « 

Ballantrae, 

30 

150 

299 

185 

66 

198 

620 

946 

13 

39 

529 

381 

Rothesav, 
Campbeltown,  - 

210 

846 

6,920 

8.035 

30 

90 

620 

923 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

90 

427 

12,332 

16,174 

25 

87 

597 

1,140 

■ « • 

•  • « 

•  •  • 

•  •  • 

Inveraray, 
Totals, 

156 

624 

7,383i 

14,811 

38 

122 
551 

374i 

898 

4 

8 

47 

•  •  • 

•  •  • 

486 

2,047 

26,934| 

39,205 

177 

2,482i 

4,331 

17 

5-29 

381 

1005. 

Greenock, 

68 

272 

2,283 

2,177 

60 

180 

2,275 

2,757 

•  ■  • 

•  •  • 

•  ■ « 

•  •  • 

Ballantrae, 

•  •  • 

•  ■  • 

•  •  • 

•  • 

75 

225 

4,479 

4,938 

I 

3 

• «  ■ 

•  •  • 

Rotheeav, 
Campbeltown,  - 

136 

504 

1,328 

1,189 

18 

54 

410 

426 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

88 

418 

19,355 

20,244 

20 

70 

1,790 

1,412 

2 

8 

15 

20 

Inveraray, 
Totals, 

148 
440 

592 

4,005 

6,819 

29 

93 
622 

109 

233 

3 

6 
17 

•  ■  • 

•  ■  • 

1.786 

26,971 

30,429 

202 

9,063 

9,766 

6 

15 

20 

1006. 

Greenock, 

100 

400 

5,611 

4,850 

64 

192 

2,076 

2,590 

•  •  • 

•  •  • 

■ «  • 

•  •  • 

Ballantrae, 

70 

350 

10,250 

10,495 

68 

204 

2,552 

3,678 

51 

153 

2,897 

3,227 

Rotheeav, 
Campbeltown,  • 

300 

1,036 

8,830 

8,396 

100 

307 

4,879 

5,820 

•  ■  • 

■  •  • 

•  •  • 

•  •  • 

90 

427 

9,483 

13,774 

50 

175 

1,575 

2,773 

2 

8 

12 

18 

Inveraray, 
Totals, 

130 

520 

4,640 

5,454 

28 

95 

384 

350 

2 

4 
165 

• »  • 

•  «  • 

690 

2,733 

38,814 

42,969 

310 

973 

11,466 

15.211 

55 

2,909 

3,245 
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Thb  Fluctuations  from  Year  to  Year. 

The  statistics  relating  to  the  herring  fishery  in  the  Clyde  which  are 
available  are  of  two  kinds — those  which  have  been  printed  in  the 
published  Annual  Reports,  and  those  derived  from  the  books  of  the 
Fishery  Officers  of  the  various  districts.  The  former  go  back  for  a  long 
period,  nearly  a  century,  to  the  year  1809,  when  the  Board  of  British 
White  Herring  Fishery  was  established.  They  would,  therefore,  on  this 
account  be  very  valuable  for  the  purpose  of  this  enquiry  if  they  had 
contained  the  information  required.  Unfortunately,  those  relating  to 
the  quantity  of  herrings  taken  or  landed  deal  only  with  the  cured  fish, 
no  note  having  been  made  until  comparatively  recent  years  of  the 
quantity  used  in  a  fresh  state.  In  the  earlier  part  of  the  period  it  is 
probable  that  the  proportion  of  herrings  made  use  of  in  the  non-salted 
condition,  unless  quite  locally,  was  small ;  but  in  the  later  part  of  the 
period  there  is  no  doubt  that  it  was  very  large,  and  included  the  greater 
portion  of  the  catches.  These  statistics  for  each  year  from  1809  to  1906, 
and  for  each  district  as  well  as  for  the  whole  Clyde  area,  are  given  in 
Table  I.,  p.  100,  which  shows  the  number  of  barrels  of  herrings  cured  on 
board  vessels  and  landed  in  the  district,  the  number  of  vessels  on  which 
the  fish  were  cured,  the  number  of  barrels  cured  on  shore,  and  the  total 
number  cured  from  both  sources.  During  the  period  some  changes  took 
place  as  regards  the  limits  of  the  various  districts,  as  indicated  in  the 
Table,  and  one  or  two  of  them  include  parts  of  the  West  Coast  not  within 
the  Firth  of  Clyde.  Thus,  the  fishing  at  Islay  from  the  year  1821  on 
wards  was  included  in  the  Campbeltown  district,  while  from  1850  to 
1862  the  whole  of  the  returns  referring  to  this  district  were  included  in 
the  Inveraray  district.  Another  example  is  the  Stranraer  district,  which 
from  1821  on  includes  Dumfries,  while  in  the  period  1850-1862  the 
returns  were  included  in  the  Greenock  district,  whereas  after  1863  a  new 
district  of  BalJantrae  was  formed  which  corresponded  to  the  previous 
Stranraer  district.  It  is  also  to  be  noted  in  regard  to  the  barrels  of 
herrings  cured  on  board  vessels  that  the  statistics  refer  only  to  those 
which  were  lauded  in  a  district,  and  do  not  give  any  clue  to  the  locality 
where  the  herrings  were  caught.  In  point  of  fact,  the  greater  part  of  such 
herrings  were  taken  outside  the  limits  of  the  Firth  of  Clyde,  and 
especially  in  the  lochs  of  the  West  Coast  further  to  the  north.  Still,  with 
all  these  limitations  the  figures  are  instructive  as  showing  in  a  broad  way 
the  progress  of  the  herring  fishery  in  the  Clyde  during  the  greater  part 
of  last  century. 

When  the  figures  are  arranged  in  decennial  periods  and  the  annual 
mean  for  each  taken,  the  results  are  as  shown  in  the  following  Table : — 


Cured  on 

Cured  on 

Total 

Vessels. 

Shore. 

Cured. 

j,  1809-18 18 

58,525 

6,222 

64,747 

1819-1828 

43,888 

4,791 

48,679 

1829-1838 

47,896 

5,479 

53,375 

1839-1848 

50,466 

8,551 

59,017 

1849-1858 

32,607 

24,698 

57,305 

1859-1868 

25,820 

49,058 

74,878 

1869-1878 

16,520 

40,404 

56,924 

1879-1888 

24,088 

88,505 

112,593 

1889-1898 

5,908 

22,598 

28,578 

1899-1906 

186 

23,707 

23,894 
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These  figures  show  the  gradual  decline  in  the  quantity  cured  on  vessels 
and  the  increase  of  those  cured  on  shore,  but  an  examination  of  the 
Table  giving  the  annual  quantities  indicates  that  after  1889  a  change 
took  place  in  the  method  of  the  returns,  particularly  in  reference  to  the 
quantity  given  as  cured  on  shore.  Thus,  in  1889  the  quantity  so  cured 
was  returned  as  84,967  barrels,  while  in  the  following  year  it  is  given  as 
7,773  barrels.  Before  that  date  it  seems  that  the  herrings  which  were 
not  cured  were  included  in  the  totals — that  is  to  say,  the  herrings  which 
were  sold  fresh — but  there  is  nothing  to  show  for  how  many  years  previ- 
ously this  method  was  adopted.  From  another  table  (Table  III.,  p.  108) 
which  was  published  in  the  Annual  Reports  for  the  years  1843  to  1857, 
and  which  purported  to  show  the  total  catch  of  herrings  landed  in  each 
district,  distinguishing  those  cured  from  those  which  were  not  cured,  it 
appears  that  the  latter  were  not  included  up  to  1857,  and  the  evidence 
of  the  detailed  table  indicates  that  the  change  was  probably  made  in 
1879,  the  herrings  sold  fresh  being  apparently  included  in  the  totals  in 
that  year  and  afterwards  till  1889.  There  is,  however,  no  certainty  on 
the  point. 

The  fluctuations  in  the  quantities  from  year  to  year  are  shown  in  the 
detailed  table  (Table  I.),  and  the  minimum  and  maximum  numbers  of 
barrels  cured  in  each  decade  are  as  follows : — 

Minimum  ^  ,  ,  Maximum  t,  .  , 

On  Vessels.  On  Shore.  ^^^**   On  Vessels.  On  Shore.  ^^'^• 

1809-1818  32,261  1915  37,597  81,958  11,940     86,119 

1819-1828  26,307  1484  30,044  68,159  10,421     78,581 

1829-1838  40,134  1635  42,917  63,376  12,616     67,803 

1839-1848  31,899  4441  43,519  72,494  13,630    81,036 

1849-1858  19,353  14,960  40,423  61,804  34,367     75,560 

1859-1868  16,591  20,848  38,988  41,634  113,955  138,053 

1869-1878  6,089  25,294  32,408  36,619  83,794  119,095 

1879-1888  2,906  60,477  69,433  46,818  136,057  182,875 

1889-1898  —  1,483  1,483  18,166  84,967  103,133 

1899-1906  —  21,031  21,031  591  37,360     37,600 

The  remark  made  above  as  to  the  inclusion  of  fish  sold  fresh  among 
the  cured  herrings  in  some  of  the  years  applies  also  to  this  table ;  it  is 
therefore  uncertain  how  far  the  figures  can  be  taken  as  showing  the 
fluctuations  in  the  yield  of  the  fishery. 

For  the  district  of  Inveraray,  which  is  the  chief  one  to  which  attention 
must  be  directed,  a  similar  summary  has  been  made,  showing  the  average 
annual  number  of  barrels  cured  in  eaoh  decade  since  1809,  with  the 
maximum  and  the  minimum  quantity  for  each  of  these  periods.  The 
Table  is  as  follows : — 


[Tablk. 
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Average  Number  of 

Minimum  Quantity  of  Barrels 
Cured  in  the  DeoaUe. 

Ma^iimuai  Qnantitv  of  Barreb 
Cored  in  the  Decade. 

BftrraU  Cured. 

Period. 

ToUl. 

Total 

On 
Ve«KU 

On 

ToUI. 

On 
Vei«ela 

On 

Shore. 

On 

Shore. 

Year. 

Quan- 

Year. 

Quau. 

tity. 

tity. 

1809-1818 

1,959 

4,354 

6,313 

396 

~^ 

1809 

2.084 

3.014 

9,057 

.815 

12,034 

1810-1828 

1,673 

1.830 

3.503 

381 

'998 

1825 

1.712 

4,311 

4,'274 

1819 

6,786 

1820.1838 

B25 

3,506 

4.431 

354 

1,483 

1831 

2/260 

1.959 

7.444 

1838 

7,9M 

183»'1&48 

3,06a 

4,568 

7.634 

3ai 

2,922 

1839 

3.225 

4.845 

6.567 

1846 

10.003 

1849.1S58 

3,930 

21,059 

24,880 

450 

11.804 

1852 

12,254 

9,!55 

31.005 

1851 

35,326 

185S.1868 

2,978 

27,669 

30.618 

412 

13,593 

1864 

15,805 

8,446 

46,715 

1862 

56,161 

1869- 1ST8 

7,205 

12.859 

20,064 

1,098 

5,78.1 

1874 

7.133 

18,056 

30,838 

1869 

39,214 

1870-1888 

15,0:t9 

19.328 

34,367 

10 

6.754 

1887 

15,818 

32,888 

55.359 

1882 

84,851 

1S80-1898 

478 

4,887 

5,363 

lie 

1895 

116 

2,709 

30,702 

1889 

30,702 

lSif9  1806 

7 

1,648 

1,655 

184 

1901 

184 

38 

3.185 

1903 

3,185 

At  some  of  the  enquiries  which  were  held  in  former  jesrs  aa  to  the 
pTOeperitjr  of  the  herring  fishery  in  the  Clyde  and  Loch  I'yue,  Tarione 
atatiatica  were  aubmitted  on  behalf  of  the  Fishery  Board  showing  the 
fluctuations  in  the  quantities  of  herriugs  token  over  considerable  periods. 
Some  of  them  are  for  ditfeient  series  of  years  than  those  referred  to  above, 
ftndas  they  appearto  have  been  derived  from  more  detailed  information  tban 
ii  available  in  the  published  Annual  Reports,  they  may  be  here  given.  In 
the  report  of  the  Royal  Commiasion  on  "  Trawling "  for  herrings,  pub- 
lished in  1863,  it  is  stated  that  the  general  annual  average  of  herringa 
taken  in  Louh  Fyne  for  each  five  years  from  the  year  1634  to  1862  was 
aa  follows : — 


Years. 


Aversf^  Quantity  Maximum.      Mininuni. 


(Barrels). 

1834-1838 

...     17,869 

— 

— 

1839-1843 

..     20,119 

— 

— 

1844-1848 

...     16,427 

17,610 

13,816 

1849-1853 

...     19,149 

32,726 

10,630 

1864-1868 

...     25,744 

31,423 

16,999 

1859-1862 

...     42,165 

79,893 

20,246 

In  a  more  detailed  return  tor  the  year  1844  to  1862,  published  in  the 
same  report,  and  also  referring  to  herrings  caught  in  Loch  Fyne,  the 
quantity  cured  ia  distinguished  from  the  quantity  used  fresh,  and  the 
total  fur  each  year  is  given,  as  follows  : — 


Year. 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 


Cured. 


Used  Fresh.  Total  Caught. 
6,830  13,816 


6,923 

7,825 

14,748 

7,210 

10,400 

17,610 

4,403 

11,000 

16.403 

6,060 

10,600 

16,560 

3,769 

12,115 

16,874 

3,183 

11,785 

14,968 

9,884 

22,842 

32,726 

3,440 

7,190 

10,630 

26 


PaH  IIL—Twe 

fUy-fifih  Annual  Report 

Year. 

Cured. 

Used  Fresh.  Total  Caught. 

1853 

••• 

4,399 

17,150 

21,549 

1854 

•  •  • 

4,335 

12,664 

16,999 

1855 

•  •  • 

7,550 

16,811 

24,361 

1856 

•  •  • 

10,553 

20,870 

31,423 

1857 

•  •• 

7,910 

18,912 

26,822 

1858 

11,884 

17,384 

29,268 

1859 

•  •  • 

10,046 

17,118 

27,164 

1860 

■  •  • 

21,520 

19,835 

41,355 

1861 

•  •  • 

8,344 

11,902 

20,246 

1862 

•  •  • 

46,859 

33,034 

79,893 

As  the  Commissioners  pciated  out,  and  as  the  averages  above  quoted 
show,  the  figures  indicate  a  steady  increase  on  the  whole  in  the  quantity 
of  herrings  taken,  with  the  fluctuations  which  always  occur  in  fisheries  of 
this  nature. 

In  the  report  of  a  later  Commission  which  enquired  into  the  herring 
fishery  in  Scotland,  and  which  was  published  in  1878,  will  be  found 
statistics  showing  the  actual  catch  of  herrings  in  Loch  Fyne,  t.e.,  above 
Skipneas  Point,  over  a  period  of  fifty  years,  from  1827  to  1876.  The 
table  was  prepared  by  the  late  Mr.  George  Reiach,  then  the  Assistant 
Inspector  of  Fisheries,  from  material  which  I  have  not  been  able  to 
discover  or  trace,  but  probably  from  the  books  of  the  districts,  which  do 
not  now  exist.  Unfortunately,  the  statistics  are  not  given  in  detail  for  each 
year  of  the  period,  but  only  the  average  catch,  the  minimum  catch,  and 
the  maximum  catch,  in  decades.     The  Table  is  as  follows : — 

Average  Average     Minimum  Catch     Maximum  Catch 
Years.        No.  of     No.  of  in  Decade.  in  Decade. 

Boats.    Barrels.      Year.      Barrels.     Year.      Barrels. 


1827-1836 

300 

3,469 

1830 

1,453 

1832 

4,898 

1837-1846 

350 

7,388 

1839 

3,225 

1846 

9,400* 

1847-1856 

396 

19,949 

1852 

10,630 

1851 

32,726 

1857-1866 

558 

33,096 

1864 

16,131 

1862 

79,893 

1867-1876 

479 

25,561 

1874 

6,934 

1876 

34,471 

*  The  total  for  1846  does  not  agree  with  that  in  the  other  Table  given  above. 

The  statistics  showed  that  there  was  an  increase  in  every  succeeding 
decade  except  the  last,  which  included  the  years  of  least  productiveness, 
as  described  later.  The  A<tsistant  Inspector  also  gave  the  catches  for 
each  of  the  ten  years  of  this  decade,  1867-1876,  in  Loch  Fyne,  above 
Skipness  Point,  as  follows : — 


Year. 

Barrels. 

Year. 

Barrels. 

1867 

40,964 

1872 

11,358 

1868 

46,813 

1873 

8,166 

1869 

43,088 

1874 

6,934 

1870 

26,716 

1875 

15,097 

1871 

22,005 

1876 

34,471 

Besides  the  statistics  relating  to  the  quantity  of  herrings  caught  or 
cured,  another  series  of  tables  began  to  be  published  annually  in  the 
Fishery  Reports  in  1825,  which  may  be  cited  as  indicating  the  prosperity 
of  the  herring  fishery  in  the  districts  of  the  Firth  of  Clyde.  They  refer 
to  the  number  of  boats  and  fishermen  employed  in  what  were  termed  the 
shore-curing  herring  and  cod  and  ling  fiaheries,  the  number  of  fish-curert, 
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and  the  total  number  of  persons  employed.  The  figures  for  each  of  the 
districts,  and  for  the  whole  of  the  Clyde  area,  in  each  year  from  1825  to 
1906  are  given  in  Table  II.,  p.  104,  and  in  the  following  Table  the  average 
figures  lor  each  decade  are  represented  for  the  Inveraray  district  and 
for  the  whole  of  the  Clyde  districts. 


Year. 

Inveraray  District. 

Clyde  Districts. 

Boats. 

Men. 

Carers. 

TotAl 
Persons. 

Boats. 

Men. 

Curers. 

TotAl 
Persons. 

1825-34 

1835-44 

1845-54 

1855-64 

1865-74 

1875-84 

1885-94 

1895-1904 

1905 

1906 

378 

755 

1,241 

1,052 

1,052 

734 

481 

317 

309 

301 

1,120 

2,181 

3,850 

2,803 

2,352 

1,691 

1,115 

874 

868 

829 

63 
36 
65 
84 
101 
41 
20 
16 
12 
20 

1,598 
3,338 
5,429 

. . 

2,i90 

1,241 

987 

1,061 

1,394 
2,018 
2,511 
2,180 
2,763 
2,642 
2,219 
1,692 
1,479 
1,451 

4,446 
6,145 
7,710 
5,853 
6,114 
5,436 
4,783 
3,419 
3,053 
2,930 

238 

191 

218 

186 

233 

190 

157 

68 

79 

85 

7,232 

9,472 

10,980 

•  • 

8,729 

8,899 
7,858 
7,968 

In  considering  these  statistics,  however,  it  must  be  borue  in  miud  that 
the  limits  of  the  districts  were  not  always  the  same  thruughout  the  whole 
period,  their  extent  in  some  cases  being  contracted  or  expanded 
according  to  the  requirements  of  the  industry,  and  it  appears  that 
such  changes  were  not  always  explained  in  the  earlier  reports.  In  1852, 
for  example,  there  is  a  distinct  fail  in  the  various  items  of  the  table  for 
the  district  of  Inveraray,  suggesting  some  re-arrangement  of  the  limits, 
but  the  names  of  the  various  districts  in  the  tables  are  unaltered,  and 
no  statement  bearing  upon  the  point  is  made  in  the  report  for  the  year  in 
question,  so  that  the  n)atter  remains  in  doubt.  But  it  is  stated  in  the 
report  for  1840  that  in  that  year  the  district  of  Fort- William  and 
Tobermory,  lying  entirely  outside  the  Clyde  area,  was  combined  with  the 
district  of  Inveraray,  an  arrangement  which  seems  to  have  lasted  till 
1869,  in  which  year  Fort- William  appears  as  a  separate  district  in  the 
returns.  Then  in  1850  the  district  of  Campbeltown,  which  included 
Islay,  was  combined  with  Inveraray  district,  from  which  it  was  again 
separated  in  1863.  In  the  table  given  above  the  figures  for  the  last  three 
decades  represent  the  same  limits  throughout,  and  it  will  be  seen  that  in 
the  period  there  was  a  gradual  but  considerable  decline  in  the  number  of 
boats  and  fishermen  in  the  Inveraray  district  and  in  the  Clyde  as  a 
whole.  Thus,  in  the  years  1875-1 884  the  average  number  of  fishermen  per 
annum  was  1691,  and  the  average  number  of  boats  734  in  the  Inveraray 
district,  whereas  in  the  decade  1895-1 904  the  average  number  of  fishermen 
was  874  and  the  average  number  of  boats  317.  For  the  whole  of  the 
districts  of  the  Clyde  combined  the  average  number  of  fishermen  in  the 
former  decade  was  5436,  while  in  the  latter  decade  it  was  3419,  the 
average  number  of  boats  falling  from  2642  to  1692.  The  figures  for 
1906,  both  for  the  Inveraray  district  and  for  the  whole  of  the  districts, 
are  the  lowest  recorded. 

As  explained  below,  the  Inveraray  district  includes  some  parts  of  the 
coast  which  are  not  within  the  limits  of  Loch  Fyne,  or  indeed  of  the  Clyde, 


28 


PaH  III, — Twenty-fifth  Anmud  Report 


being  on  the  west  side  of  Gaotyre.  It  would  be  of  interest  to  learn  the 
variations  within  Loch  Fyne  itself,  and  there  are  some  statistics  which 
throw  light  upon  the  subject.  In  the  report  for  1855  a  detailed  return 
is  given  of  the  number  of  boats  and  men  belonging  to  the  various  villages 
or  creeks,  from  which  it  appears  that  the  total  number  of  boats  within 
Loch  Fyne  was  390,  the  number  of  men  being  1053,  but  it  includes  West 
Loch  Tarbert^  where,  however,  the  numbers  are  very  small.  Along  the 
coast  from  Ardlamont  to  Kilfinan  there  were  80  men  and  30  boats  ;  at 
Lochgilphead,  Ardrishaig,  and  Inverneil  there  were  91  boats  and  171 
men ;  at  East  and  West  Tarbert  there  were  80  boats  and  283  men, 
making  altogether  for  the  Lower  Loch,  that  is,  below  Otter  Spit  (and  in- 
cluding the  few  at  West  Loch  Tarbert),  a  total  of  201  boats  and  533  men. 
The  totals  for  Upper  Loch  Fyne,  above  Otter  Spit,  were  189  boats  and 
520  men,  distributed  as  follows  : — East  Otter  to  Newton,  15  boats  and  38 
men ;  Leachk,  Balure,  Strachur,  Poll,  Cairndhu,  and  Dunderaan,  37 
boats  and  104  men;  Inveraray,  20  boats  and  50  men;  Kenmore  to 
Douglas  Water,  8  boats  and  20  men ;  Crarae,  Sand  hole,  and  Furnace,  36 
boats  aud  104  men ;  Inverae  and  Sheep  Point,  26  boats  and  64  men  ; 
Lochgair,  19  boats  and  52  men ;  West  Otter  and  SUvercraigs,  28  boats 
and  88  men. 

No  similar  return  was  published  till  1886,  after  which,  with  the 
exception  of  1887,  when  it  was  omitted,  it  appeared  in  each  of  the 
annual  reports.  The  grouping  of  the  creeks  or  villages  differs,  but  in  the 
following  Table  the  more  important  which  remained  unchanged  are  given, 
as  well  as  the  totals  for  the  whole  coast  of  Loch  Fyne,  arranged  in  means 
of  five-yearly  periods  : — 


Yean. 

Tarbert. 

Ardrishaig. 

Lochgilphead 

InTeraray. 

Lochgair. 

Totals. 

Boats. 

Men. 

Boats. 

Men. 

Boats. 

Men. 

Boats. 

Men. 

Boats. 

Men. 

Boats. 

Men. 

1886 

1886-90 

1891-5 

1896-1900 

1901-5 

1906 

140 

132 

119 

86 

97 

94 

850 
359 
863 
318 
332 
336 

110 
89 
77 
72 
70 
68 

212 
216 
221 
197 
197 
186 

56 
48 
42 
29 
23 
17 

106 

107 

100 

84' 

79 

70 

13 
11 
11 
10 
13 
13 

10 
10 
18 
14 
20 
20 

22 
19 
14 
10 
9 
7 

56 
41 
34 
29 
30 
20 

491 
422 
865 
278 
286 
266 

1,073 
1,000 
942 
806 
881 
787 

There  has  occurred,  therefore,  a  decrease  in  both  boats  and  men  along  the 
shores  of  Loch  Fyne ;  the  decrease  in  boats,  although  more  pronounced,  is 
less  important,  since  they  are  now  larger  than  they  used  to  be,  and  the 
decrease  in  men  is  less  marked  than  on  many  other  parts  of  the  coast  of 
Scotland  within  the  same  period.  The  diminution  has  taken  place  more 
particularly  at  the  smaller  creeks,  especially  in  Upper  Loch  Fyne,  where 
the  number  of  fishermen  has  been  much  reduced.  Thus,  taking  the 
years  1855,  1886,  and  1906,  and  contrasting  the  figures  for  the  upper 
with  those  for  the  lower  loch,  we  have  the  following : — 


1855 
1866 
1906 


Upper  Loch. 
Boats.  Men. 


189 

127 

74 


520 
281 
156 


Lower  Loch. 
Boats.         Men. 


201 
364 
192 


533 

792 
631 
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On  the  east  side  of  Lower  Loch  Fjae  the  decrease  has  also  heen 
pronounced.  In  1855,  as  we  have  seen,  there  were  30  boats  and  80  men 
between  Ardlamont  Point  and  Kilfinan ;  in  1832  there  were  32  boats 
and  58  men  on  the  same  stretch  of  coast ;  while  in  1906,  along  the  coast 
from  Ardlamont  to  Otter  Spit,  further  north,  therefore,  than  Kilfinan, 
tbere  were  only  two  boats  and  three  fishermen. 

Notwithstanding  the  decrease  in  the  number  of  boats  and  fishermen 
on  the  shores  of  Loch  Fyne,  the  quantity  of  herrings  landed  has  on  the 
whole  increased,  as  is  explained  below. 

The  Detailed  Statistios,  1854-1906. 

The  second  class  of  statistics  to  which  reference  was  formerly  made  are 
more  detailed,  though  they  do  not  go  back  so  many  years.  They  consist 
of  the  weekly  records  of  the  fishings  in  the  various  districts  compiled  at 
the  time  by  the  Fishery  Officers  in  charge,  the  books  containing  them 
having  been  put  at  my  disposal.  The  information  noted  includes  the 
number  of  boats  fishing,  the  number  of  crans  of  herrings  landed,  and 
usually  the  quality  of  the  fish,  the  prices  current  for  them,  the  condition 
of  the  weather,  the  chief  locality  or  localities  where  the  fish  were  caught, 
and  any  other  circumstances  that  the  Officer  thought  worth  while 
recording. 

Detailed  information  of  this  kind  extending  ofet  a  period  of  years  is 
obviously  of  value,  and  these  statistics  are  undoubtedly  of  value  for  the 
purposes  of  this  enquiry.  There  are,  however,  some  defects  which  impair 
their  utility.  One  of  the  most  important  is  that  it  is  rarely  that  the 
weekly  returns  are  recorded  throughout  the  whole  year,  or  over  the  whole 
period  when  herrings  are  being  taken  or  landed  in  the  district.  The 
entries  usually  begin  with  the  commencement  of  the  summer  fishing,  in 
June  or  later,  the  catches  for  the  preceding  months  being  slumped 
together  as  a  "  total  for  the  year  up  to  date."  In  many  cases  this 
omission  to  specify  the  catches  as  they  occur  is  of  little  importance,  the 
quantities  being  small.  But  in  other  instances  the  quantity  slumped 
bears  a  considerable  proportion  to  the  whole,  and  may  even  form  the  bulk 
of  the  yield  for  the  year.  This  happens  often  in  the  records  for  the 
Ballantrae  district,  where  the  yield  of  the  winter  and  spring  fishings,  as  a 
rule  by  far  the  must  important,  may  be  merely  totalled  at  the  beginning 
of  the  summer  fishing.  The  same  method  is  often  a  marked  defect  in  the 
records  for  Campbeltown  district,  as  much  as  12,000  crans  being  slumped 
in  this  way  for  the  spring  and  early  summer ;  and  it  is  in  this  district 
that  detailed  information  throughout  the  year,  and  particularly  at  the 
period  of  the  season  in  question,  is  most  to  be  desired.  In  the  Loch  Fyne 
district  the  influence  of  this  process  of  slumping  is  not  so  great,  but  it  is 
sometimes  noteworthy,  as  in  the  period  1855-1859,  and  after  1893;  it 
also  exists  in  all  the  other  districts. 

Another  defect  is  that  the  place  of  capture  or  of  landing  b  not  always 
given.  Three  of  the  districts  include  places  outwith  the  Clyde  area. 
Thus  Inveraray  includes  part  of  the  western  coast  of  Argyll ;  Camp- 
beltown includes  Islay  and  Jura ;  and  Ballantrae  includes  the  Scottish 
coast  of  the  Sol  way.  The  influence  on  the  statistics  of  the  inclusion  of 
the  western  part  of  Argyll  in  the  Inveraray  district  would  be  small ;  but 
such  as  it  is,  it  has  been  almost  quite  eliminated  in  the  compilation  of  the 
tables,  the  particulars  necessary  to  do  so  being,  as  a  rule,  given  in  the 
books.  The  figures  may,  therefore,  be  taken  as  substantially  representing 
the  take  of  herrings  in  Loch  Fyne.  In  some  years  Islay  was  a  very  im- 
portant part  of  the  Campbeltown  district,  large  quantities  of  herrings 
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being  taken  there.  In  nearly  all  cases  they  have  been  discriminated  and 
deducted ;  in  a  few  instances  there  is  some  doubt ;  but  here  also  the 
figures  substantially  represent  herrings  taken  from  the  waters  of  the 
Clyde. 

It  has  not,  however,  been  possible  to  subtract  the  herrings  taken  in 
the  Solway  from  the  totals  for  the  Ballantrae  district,  the  particulars 
being  usually  insufficient  to  allow  that  to  be  done.  The  figures  for  this 
district  thus  include  a  certain  quantity  of  herrings  which  were  caught 
outwith  the  Clyde.  The  amount  of  this  quantity  and  its  proportion  to 
the  whole  may  oe  estimated  from  the  particulars  which  are  given  for 
certain  years,  which  are  taken  at  random  from  the  books.  Two  groups  of 
five  years  each  were  taken,  and  the  quantities  of  herrings  (in  crans) 
landed  in  the  district  and  outside  the  limits  of  the  Clyde  separated  as 
follows : — 


Year. 

Tjanded 

in 
District. 

Landed 
outside 
Clyde. 

Per- 
centage. 

Year. 

Tianded 

in 
District. 

Ijanded 
outside 
Clyde. 

Per- 
centage. 

1883 
1884 
1885 
1886 
1887 

25,001 
18,323 
23,580 
6,885 
11,761 

228 
276 
345 
989 
97 

0-9 
1-4 
1-4 
14-3 
0-8 

1897 
1898 
1899 
1900 
1901 

1,748 
1,316 
2,978 
5,480 
10,537 

250 
29 
57 
26 
36 

14-5 
2-2 
1-9 
0-4 
0-3 

Thus,  in  the  years  1883-1887,  of  a  gross  quantity  of  85,540  crans  of 
herrings  landed  in  the  Ballantrae  district,  1931  crans,  or  2'2  per  cent, 
were  landed  at  creeks  and  villages  outwith  the  Clyde ;  in  the  years 
1897-1901,  of  a  gross  quantity  of  22,057  crans  landed,  398  crans,  or  1*8 
per  cent.,  were  landed  outwith  the  Clyde.  The  percentage  for  the  ten 
years  is  2*1,  which  is  small;  but  the  variation,  as  shown  in  the  table, 
ranges  from  0*3  per  cent,  to  14'5  per  cent.,  an  amount  which  requires  to 
be  taken  into  account  in  considering  the  fluctuations  in  the  district,  but 
which  can  have  but  little  influence  on  the  figures  for  the  Clyde  as  a 
whole.  The  herrings  from  the  non-Clyde  creeks,  it  may  be  added  (Port- 
patrick,  Portlogan,  Drummore,  Sandhead,  Glenluce),  are  caught  in  summer, 
and  mostly  in  June  and  July. 

Besides  this,  it  would  be  of  importance  if  the  locality  where  the  bulk 
of  the  fish  were  caught,  or  where  the  fishing  was  mainly  prosecuted,  in 
each  week  were  always  given.  In  Inveraray  district^  for  example,  it  is  of 
value  to  learn  whether  the  herrings  were  taken  for  the  most  part  in  the 
upper  loch  or  in  the  lower  loch  at  any  particular  period.  In  the  Camp- 
beltown district  it  is  of  equal  importance  to  know  if  they  were  taken  in 
Kilbrennan  Sound  or  to  the  south  or  east  of  Arran.  As  a  rule  this  in- 
formation is  afforded  more  or  less  clearly  in  the  records,  but  often  it  is 
not,  and  its  absence  maktis  it  difficult  to  follow  the  movements  of  the 
shoals  of  herrings  from  one  part  to  another  in  such  districts  or  years. 
Nevertheless,  the  information  given  on  this  head  will  be  of  importance 
when  the  subject  of  the  migrations  of  the  herring  is  dealt  with. 

Finally,  it  is  to  be  noted  that  the  weekly  records  are  not  always  or 
necessarily  strictly  accurate,  although  they  generally  are.  They  are 
compiled  by  the  Officers  from  the  statements  supplied  by  the  fishery 
correspondents  at  the  various  creeks  or  villages,  and  from  the  buying 
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steamers,  bj  far  the  greater  part  of  the  herrings  taken  in  Loch  Fyne  and 
the  Clyde  generally  being  carried  away  directly  from  the  boats  on  the 
grounds  by  steamers  which  forward  them  to  the  Glasgow  market.  It 
sometimes  happens  that  corrections  require  to  be  made  as  to  the  quanti- 
ties, which  is  generally  done  at  the  end  of  the  month,  or  at  the  end  of 
the  year,  without  the  record  for  any  particular  week  being  altered.  The 
totals  for  the  districts,  as  given  in  the  appended  tables,  do  not,  therefore, 
always  correspond  with  the  totals  in  the  annual  reports,  for  the  reason 
just  mentioned,  and  because  the  herrings  landed  in  certain  districts  but 
taken  outside  the  Clyde  area  are  deducted. 

The  tables  give  the  weekly  catches  of  herrings  in  each  of  the 
districts  of  the  Clyde,  as  well  as  the  number  of  boats  fishing,  and  in 
other  tables  a  summary  of  this  information  is  given  under  each  month 
of  the  year.  These  particulars  are  also  represented  in  a  series  of 
Plates  showing  the  monthly  and  annual  quantities  for  the  various  districts 
and  for  the  whole  Clyde.  With  regard  to  the  number  of  boats  fishing,  it 
is  necessary  to  say  that  the  number  for  any  given  week  usually  represents 
the  maximum  number  employed  in  the  fishing  on  any  one  night  in  that 
week  ;  it  does  not  represent  the  number  of  "  voyages  "  or  "  trips  "  for  the 
week — that  information  not  being  given  in  the  reports  ;  and  the  number 
for  any  month  is  the  total  for  the  weeks  in  it.  The  information  regarding 
the  boats,  therefore,  while  useful  as  showing  in  a  general  way  the  relation 
between  the  extent  of  the  fishing  and  the  quantity  of  herrings  taken, 
cannot  be  made  use  of  in  a  precise  manner  to  show  that  relationship. 

Rothesay  District, 

The  limits  of  this  district  lie  entirely  within  the  area  of  the  Clyde, 
embracing  the  coast  from  Roseneath  Point,  in  1  Dumbartonshire,  to  Ard- 
lamont  Point,  in  Argyll.  It  thus  includes  the  Kyles  of  Bute  and  a 
number  of  lochs,  as  Loch  Long,  Loch  Goil,  Holy  Loch,  Loch  Striven, 
and  Loch  Riddon.  It  also  includes  the  islands  of  Bute,  Arran,  the 
Cumbraes,  and  In'^hmarnock.  In  1906  the  number  of  fishing  boats 
pertaining  to  the  district  was  176,  and  the  number  of  resident  fishermen 
and  boys  was  247.  The  herring  fishing  is  pursued  usually  between 
Bute,  Arran,  and  Cantyre,  in  the  Kyes  of  Bute,  and  Loch  Fyne. 

The  weekly  records  go  back  to  the  year  1 854,  and  they  will  be  found 
detailed,  as  regards  the  quantity  of  herring  landed  and  the  average 
number  of  boats  fishing,  in  Table  XXII.,  p.  127,  while  the  quantities  of 
herrings  landed  in  each  month  of  the  various  years,  as  far  as  they  can  be 
ascertained  from  the  books,  are  given  in  Table  XL,  p.  116,  and  the  total 
quantity  for  each  year  in  Table  XIII. 

The  gross  quantity  of  herrings  landed  in  the  district  in  the  53  years 
1854-1906  amounted  to  469,848  crans,  or  about  1,644,400  cwts. ;  the 
fluctuations  in  the  annual  quantities  varied  from  480  crans  in  1854  to 
38,436  crans  in  1865,  the  annual  mean  or  average  for  the  whole  period 
being  8865  crans.  In  this  district  the  quantity  of  herrings  landed  has, 
on  the  whole,  diminished.  In  the  first  twenty-six  years,  1854-1879,  the 
annual  average  was  10,510  crans,  while  in  the  last  twenty  six  years. 
1881-1906,  the  annual  average  amounted  to  7220  crans,  an  annual 
average  decrease  of  3,290  crans.  When  the  figures  are  grouped  into  ten- 
yearly  periods,  the  average  annual  quantities  for  each  decade  are  as 
follows : — 

1854-56     1857-66     1867-76     1877-86     1887-96     1897-1906 
2,552         13,497        12,006       4,405         7,269  9,040 
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When  arranged  in  periods  of  five  years,  the  annual  averages  for  each 
period  are  these : — 

Crans.  Crans. 

1864-66  2,662  1882-86     ..      4,653 


1867-61 
1862-66 
1867-71 
1872-76 
1877-81 


3,600  1887-91      ..  11,881 

23,396  1892-96     ..  2,658 

19,484  1897-1901  2,601 

4,629  li02-06     ..  16,479 

4,168 


When  the  annual  quantities  are  represented  in  the  form  of  a  graphic 
diagram  (Plate  II.),  the  outstanding  feature  is  the  very  high  catches 
from  1864  to  1871,  and  especially  from  1864  to  1867.  In  the  eight 
years  the  total  quantity  landed  was  207,470  crans,  or  almost  half  of  the 
gross  quantity  landed  in  the  fifty-three  years,  and  the  annual  average 
was  26,934  crans.  In  the  four  years  1864-1867  the  annual  average  was 
34,721  crans. 

The  information  contained  in  the  officers'  books  in  regard  to  the  place 
of  fishing  in  these  years  enables  us  to  trace  the  movements  of  the  shoals, 
and  it  may  be  said  that  the  success  of  the  fishing  in  all  the  success- 
ful years  in  this  district  depends  on  the  shoals  penetrating  the  Kyles  of 
Bute  from  the  south  and  entering  Loch  Riddou,  and  also  the  other  lochs 
of  the  district,  viz..  Loch  Striven,  Loch  Long,  Loch  Goil,  and  the  Holy 
Loch. 

The  fishing  in  the  district  begins  late,  usually  not  till  the  end  of  June 
or  in  July,  and  in  some  years  not  till  August.  In  the  early  months 
after  it  has  begun,  the  herrings  are  chiefly  taken  on  the  coast  of  Arran,  on 
the  west  side  of  Bute,  in  Kilbrennan  Sound,  and  at  the  mouth  of  Loch 
Fyne,  few  or  none  being  caught  in  the  Kyles  of  Bute  or  the  lochs  of  the 
district.  In  many  years  this  is  the  state  of  affairs  throughout  the  whole 
season.  Thus,  if  we  summarise  the  information  for  the  successful  years 
above  mentioned,  and  for  a  year  or  two  before,  we  have  the  following : — 
In  1862  the  fishing  began  in  the  week  ending  5th  July,  on  the 
coast  of  Arran  and  the  west  side  of  Bute,  trials  in  the  Kyles  and  in 
Loch  Long  being  rewarded  with  only  a  few  dozen  herrings.  During  the 
whole  season  the  fishing  was  in  these  waters,  in  Kilbrennan  Sound,  and 
in  Loch  Fyne,  only  a  few  lierrings  being  taken  in  the  Kyles,  the  largest 
quantity  being  got  in  November  and  December,  and  the  total  for  the 
two  months  was  only  109  crans,  a  few  of  which  were  obtained  in  Loch 
Eiddon. 

In  1863  the  fishing  began  on  the  week  ended  27th  June,  on  the 
Arran  coast,  Kilbrennan  Sound,  and  the  west  side  of  Bute ;  there  was 
no  fishing  in  the  Kyles,  but  the  fishermen  reported  that  a  considerable 
quantity  of  small  herrings  were  to  be  seen  about  the  Kyles.  In  July 
the  grounds  were  the  same,  but  they  now  included  the  area  about 
Ardlamont  Point  and  also  Loch  Fyne.  There  is  no  record  of  the  place  of 
fishing  in  August ;  in  September  'it  was  mostly  about  Ardlamont ;  in 
October  it  extended  up  the  Kyles  to  Tighnabruaich  ;  in  November  it  was 
the  same ;  in  the  early  part  of  December  the  fishing  was  between 
Tighnabruaich  and  Loch  Riddon,  and  as  the  month  advanced  it  was 
concentrated  in  Loch  Riddon  and  the  adjacent  part  of  the  Kyles,  and  the 
catches  were  good.  The  particulars  as  to  the  weekly  catches  and  the 
number  of  boats  fishing  will  be  found  in  the  table  (p.  127).  The  totals  for 
the  last  four  months,  in  crans,  were — September,  107  ;  October,  231 ; 
November,  692 ;  December,  2832,  the  toUl  for  the  year  being  4642 
crans.  At  the  end  of  December  the  herrings  became  scarce  and  the 
fishing  ceased. 


of  the  Fishery  Board  for  ScoUand,  33 

In  1864  the  fishing  began  early  in  July,  and  was  carried  on  at  Arran 
and  the  west  side  of  Bute  during  that  month,  none  being  got  in  the 
Kyles.  There  is  no  information  for  August  and  September,  but  at  the 
end  of  the  latter  month  the  fishing  was  chiefly  at  Ardlamont  Point  and 
the  west  side  of  Bute,  the  catch  up  to  the  24th  September  being  2240 
crans.  The  shoals  were  now  reported  to  be  settling  into  the  Kyles,  and  in 
October  the  fishing  was  carried  on  there  and  in  Loch  Riddon.  In 
November  great  takes  were  got  in  these  places ;  about  the  middle  of  the 
month  the  herrings  were  also  found  in  Loch  Striven,  and  at  the  end  of 
the  month  they  were  very  abundant  there,  and  also  at  Port  Bannatyne. 
The  same  conditions  prevailed  in  December,  the  best  fishing  being  in 
Loch  Riddon  and  Loch  Striven.  Towards  the  end  of  the  month  the 
fishing  fell  off  and  the  boats  left,  the  fishing  not  being  continued  into 
January  ;  and  it  is  noteworthy  that  no  mention  is  made  this  year  of  any 
herrings  being  taken  in  the  more  northern  lochs  of  the  district,  as  Lochs 
Long  and  Goil.  In  the  various  weeks  in  November  and  December  the 
catches  (in  crans)  were  as  follows  : — 

November.  December. 

5,200  2,330 
2,500  4,364 
2,600  5,500 
2,280  1,823 
2,614 


12,580 


16,631 


As  was  customary,  the  successful  fishing  attracted  boats  from  all  parts 
of  the  Clyde,  as  many  as  400  being  sometimes  engaged,  and  it  is  to  be 
noted  that  at  this  time  the  seine-net,  or  "  trawl,"  was  not  employed,  but 
only  the  drift-net. 

In  1865  the  fishing  began  at  the  end  of  June,  and  only  ten  crans  were 
taken  up  to  1st  July.  In  July  a  few  were  got  in  Loch  Riddon,  but  the 
grounds  frequented  were  mostly  Arran,  Kilbrennan  Sound,  the  west  side 
of  Bute,  and  Ardlamont.  In  August  full  information  is  not  given,  but 
it  is  noted  that  the  boats  were  successful  at  Arran  and  Bute.  About  the 
middle  of  September  the  herrings  set  into  the  Kyles  of  Bute — a  few 
weeks  earlier  than  in  the  previous  year — and  at  the  beginning  of 
October  the  boats  were  fishing  as  far  up  as  Loch  Riddon,  but  this  fishing 
fell  ofi^,  and  from  about  the  21st  October  to  9th  November  most  of  the 
herrings  were  taken  about  Ardlamont  and  on  the  west  side  of  Bute.  At 
the  latter  date  the  fishing  began  again  in  the  Kyles  and  Loch  Riddon 
and  so  continued.  By  the  end  of  the  month  herrings  were  taken  in 
abundance  in  Loch  Striven  and  at  Port  Bannatyne  Bay,  and  in  the 
beginning  of  December  the  fishing  was  more  successful  at  these  places 
than  in  Loch  Riddon  or  the  Kyles;  the  oldest  fisherman  at  Port 
Bannatyne,  it  was  said,  did  not  remember  such  a  fishing  there.  But  on 
the  10th  December  the  herrings  left  Loch  Striven  and  Port  Bannatyne 
Bay  and  the  fishing  was  carried  on  at  Loch  Riddon  and  in  the  Kyles  with 
great  success,  the  enormous  quantity  of  6400  crans  being  taken  in  the 
last  week  of  the  year.  On  this  occasion  the  fishing  was  carried  on  till 
the  end  of  January  in  these  places,  but  it  fell  off  towards  the  end  of  the 
month,  and  all  the  boats  had  left  by  the  beginning  of  February.  The 
total  for  the  year  was  the  largest  on  record  for  the  district,  amounting  to 
38,436  crans.  The  weekly  catches  for  the  last  five  months  of  the  year, 
and  for  January  1866,  and  the  totals  for  each  month,  were  as  follows :~ 
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August. 

September. 

October. 

November. 

December. 

January. 

650 
800 
750 
1,600 
742    . 

218 

220 

1,720 

600 

.  ■ 

1,650 

3,000 

2,000 

300 

•   • 

15 

400 

2,400 

2,084 

2,087 

3,S00 
2,700 
3,600 
6,400 

« . 

2,000 

2,500 

2,000 

660 

300 

4,542 

2,758 

6,950 

6,986 

16,500 

7,460 

In  this  year  a^ain  only  the  drift-net  was  employed,  the  use  of  the  seine 
being  still  illegal  and  the  prohibition  enforced,  and  no  mention  is  made 
of  a  fishing  in  the  more  northern  lochs. 

In  1866  the  summer  fishing  began  in  the  week  ended  7th  July,  and 
during  that  month  the  grounds  were  the  usual  ones — Arran,  Kilbrennan 
Sound,  and  the  west  side  of  Bute.  This  was  the  case  also  in  August, 
but  towards  the  end  of  the  month  herrings  were  taken  also  at  Ardlamont 
and  in  Loch  Fyne.  In  September  the  fishing  was  slill  at  the  north  end 
of  Arran  and  Loch  Fyne,  but  a  little  before  the  middle  of  the  month  the 
best  catches  were  got  at  Ardlamont,  though  the  ^ross  quantity  was  not 
large.  For  a  day  or  two  about  the  9th  October  a  good  fishing  was  got  in 
the  Kyles,  but  it  fell  away  until  the  week  ending  the  27th,  when  the 
fishing  was  chiefly  in  the  Kyles  and  Loch  Riddon,  and  920  crans  were 
caught.  In  the  early  weeks  of  November  the  fishing  was  continued  with 
much  success  at  these  places,  and  also  in  Loch  Striven  and  Port 
Bannatyne  Bay.  In  the  week  ended  24th  November  it  is  noted,  for  the 
first  time,  that  a  fishing  had  started  in  Loch  Long,  where  50  boats  were 
engaged ;  but  this  fell  oflf  in  the  succeeding  week.  Early  in  December 
the  fishing  declined  also  in  the  Kyles  and  Loch  Riddon,  and  it  was 
believed  the  shoal  had  for  the  most  part  left,  the  weekly  total  going 
down  to  a  few  hundred  crans.  But  in  the  week  ended  29th  Decem^r 
it  is  noted  that  a  new  shoal  had  entered  the  Kyles  of  Bute,  and  the 
fishing  went  on  with  success  to  the  end  of  January,  1867,  in  Loch 
Riddon  and  the  Kyles.  Towards  the  end  of  January  the  shoals  left 
Loch  Riddon  and  the  fishing  was  chiefly  in  the  neighbourhood  of 
Ardlamont  and  Kames  Bay,  at  the  entrance  to  the  Kyles,  and  at 
Tighnabruaich,  where  the  heaviest  catches  were  obtained.  Until  the 
end  of  December  a  few  boats  continued  to  prosecute  the  fishing  in  Loch 
Long,  but  with  little  success,  getting  a  few  hundred  herrings.  The 
details  for  the  weeks  are  as  follows : — 


August. 

September. 

October. 

November. 

December. 

January. 

452 
790 
566 
341 
306 

372 
100 

i67 

•   • 

120 

1,962 

96 

920 

. . 

3,500 
3,800 
4,999 
1,800 
1,600 

500 

900 

800 

3,500 

.  • 

2,300 
2,000 
2,860 
3,800 
1,800 

2,455 

579 

3,098 

15,699 

5,700 

12,760 
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The  aggregate  catch  for  the  year  was  35,297  crans,  and  only  the  drift-net 
was  employed  throughout  the  season. 

In  1867  the  fishing  began  unusually  late,  the  first  entry  in  the 
records  being  for  the  week  ended  3rd  August,  when  70  crans  were 
caught  at  Arran  and  Inchmamock.  During  the  rest  of  the  month  and  in 
September  it  continued  light  and  in  the  same  waters.  In  October  the 
grounds  mentioned  are  the  west  side  of  Bute  and  Loch  Long,  where  a 
few  herrings  were  caught.  On  19th  October  it  was  reported  that  some 
good  takes  were  got  with  the  seine  in  Loch  Long,  that  there  had  been  no 
fishing  in  the  Kyles  of  Bute,  but  that  a  shoal  was  reported  within 
Ardhumont  Point.  On  22nd  October  fishing  set  in  in  the  Kyles,  seines 
as  well  as  drift-nets  being  now  used.  In  November  the  fishing  con- 
tinued in  Loch  Riddon  and  the  Kyles,  and  there  was  also  a  slight  fishing 
in  Loch  Long  and  Loch  Goil,  which  is  a  branch  of  Loch  Long ;  but  in  the 
Kyles  and  Loch  Riddon  it  fell  off,  and  many  of  the  boats  left  for 
Gareloch  (in  the  Greenock  district),  where  a  good  fishing  was  reported. 
In  the  first  part  of  December  the  fishing  continued  to  be  poor  in  the 
Kyles  and  Loch  Riddon,  and  was  entirely  by  seines,  and  it  fell  off  in 
Loch  Long  and  the  Qareloch,  but  a  little  was  still  done  in  Loch  Goil.  But 
about  the  middle  of  December  the  fishing  began  again  to  be  very 
successful  in  the  Kyles  and  in  Loch  Riddon,  and  large  takes  were 
obtained,  only  by  seines,  and  this  condition  continued  till  the  middle  of 
January,  1868,  when  it  fell  off,  the  fishing  closing  at  the  end  of  the 
mouth,  chiefly  about  Ardlamont  and  the  west  side  of  Bute.  The  catches 
in  the  various  weeks  were  as  follows : — 


August. 

September. 

October. 

November. 

December. 

January. 

70 

43 

40 

1,340 

650 

60 

67 

37 

14 

400 

610 

1,071 

103 

50 

120 

607 

3,100 

454 

85 

90 

340 

730 

3,060 

1,290 

75 

•  • 

4,500 

.  • 

* . 

60 

400 

220 

5,014 

3,077 

7,320 

2,936 

The  total  for  the  year  was  28,791  crans. 

In  1868  the  fishing  began  in  the  week  ended  25th  July,  at  Arran, 
Inchmarnock,  and  between  Bute  and  Arran.  In  August  and  September 
the  grounds  were  the  same ;  but  from  the  beginning  of  September  there 
was  a  fairly  good  fishing  in  Loch  Long,  where  18  boats  were  engaged.  In 
October  only  a  few  hundreds  of  herrings  were  got  in  trials  in  the  Kyles, 
better  catches  being  taken  near  Ardlamont.  In  this  month  and  in 
November  many  of  the  boats  left  for  Greenock  and  the  Gareloch,  but  a 
slight  fishing  was  still  carried  on  in  Loch  Long,  and  a  few  herrings  were 
caught  in  the  Kyles  and  Loch  Riddon,  but  there  was  no  appearance  of  a 
shoal.  In  December  very  little  fishing  was  done  in  the  district  till 
about  the  middle  of  the  month,  when  fair  takes  began  to  be  got  in  the 
Kyles  of  Bute  (part  not  specified),  and  in  Loch  Long  and  Loch  Goil. 
In  the  week  ended  19th  December  it  is  stated  that  the  fishermen 
reported  there  was  a  great  shoal  of  herrings  in  Loch  Long,  which  they 
supposed  to  have  come  from  the  Clyde,  that  is  to  say,  the  Greenock 
district.     The  fishing  in  the  Kyles    fell  away  towards  the  end  of 


36 


Part  III. ^Twenty 'ffth  Annual  Report 


December,  ceasing  there  altogether  on  the  28th,  when  40  crana  were 
taken.  It  continued,  however,  in  Loch  Long  with  seines  and  drift-oets 
till  20th  January,  and  in  Loch  Goil  till  the  end  of  the  month.  In  this 
year,  therefore,  the  shoals  did  not  penetrate  the  Ryles  of  Bute  to  any 
great  extent,  while,  on  the  other  hand,  they  were  present  in  the  northern 
lochs  in  greater  force  than  in  the  previous  years.  The  quantities  caught 
in  the  various  weeks  were  as  follows :  — 


August. 

September. 

October. 

November. 

December. 

January. 

182 

320 

180 

•   • 

80 

1,500 

53 

130 

200 

•   ■ 

•  • 

1,200 

57 

60 

400 

160 

1,350 

400 

13 

50 

150 

68 

1,904 

250 

•  • 

560 

*  ■ 

•      ■ 

1,300 

•  • 

305 

930 

288 

4,634 

3,350 

The  total  for  the  year  was  only  9712  crans. 

In  1869  there  was  a  revival  of  the  prosperous  fishing.  It  began  on 
17th  July,  and  up  to  the  end  of  October  it  was  carried  on  in  the  usual 
waters,  the  north  of  Arran,  and  at  Ardlamont  and  the  mouth  of  Loch 
Fyne ;  trials  in  the  Kyles  and  Loch  Long  gave  but  poor  results,  and  it 
was  stated  that  the  shoals  had  moved  up  into  the  Clyde.  At  the  end  of 
October  fishing  started  in  the  Ryles  and  in  Loch  Long,  and  in  November 
it  improved  at  both  places,  and  also  in  Loch  Goil.  At  the  beginning  of 
December  about  450  boats  were  fishing  in  the  Kyles  with  both  seines 
and  drifts,  the  former  being  most  successful,  while  about  50  boats  were 
fishing  in  Loch  Goil  with  drift-nets.  This  condition  continued  till  the 
end  of  December,  the  bulk  of  the  herrings  being  taken  in  the  Kyles,  the 
fishing  in  the  northern  lochs  falling  away ;  and  in  January  the  fishing 
went  on  in  the  Kyles  till  the  end  of  the  month.  The  number  of  crans 
taken  in  the  various  weeks  are  as  follows : — 


AugllRt. 

September. 

October. 

November. 

December. 

January. 

•    • 

117 
120 
700 

. . 

483 

287 

680 

70 

45 

740 

2,040 

390 

260 

•   ■ 

280 
1,200 
1,800 
2,300 

•   • 

3,200 

3,750 

1.400 

250 

225 

700 
900 
400 
450 

•   • 

937 

1,565 

3,430 

5,580 

8,825 

2,450 

The  total  catch  for  the  year  was  24,093  crans. 

In  1870  the  fishing  began  in  the  week  ended  July  9th ;  trials  made  in 
this  month  and  in  the  summer  in  the  Kyles  and  lochs  gave  very  poor 
results,  most  of  the  herrings  landed  being  taken  about  the  north  of  Arran. 
In  October  the  fishing  was  chiefly  about  Ardlamont  and  the  entrance  to 
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the  Kyles,  and  this  was  also  the  case  in  November  until  the  end  of  the 
month,  when  a  fishing  started  in  Loch  Striven  and  Loch  Long.  At  the 
beginning  of  December  the  fishing  was  chiefly  in  Loch  Long,  Loch  Goii, 
and  Holy  Loch,  but  good  catches  were  also  gut  on  the  west  side  of  Bute. 
The  total  for  the  first  week  was  4500  crans ;  and  it  would  appear  that  on 
this  occasion  the  herrings  did  not  make  their  way  up  the  Kyles,  but 
moved  up  the  east  side  of  Bute.  In  the  second  week  of  December  the 
fishing  in  Loch  Long  was  fair  but  partial,  but  heavy  takes  were  got  by 
seiners  on  the  west  side  of  Bute,  one  Tarbert  crew  getting  a  haul  of 
about  500  crans,  for  which  they  received  several  hundred  pounds. 
Towards  the  end  of  the  month  the  fishing  was  mostly  in  Loch  Long, 
Loch  Striven,  and  in  the  channel  between  Dunoon  and  Wemyss  Bay, 
and  in  January  in  LDch  Long  and  Loch  Goil,  from  which  the  herrings 
moved  out  in  the  latter  part  of  the  month,  and  the  fishing  came  to 
a  stop.     The  catches  in  the  various  months  were  as  follows : — 

July.  August.  September.  October.  November.  December.  January. 
1,370      1,090         1,133  1,060  2,141  9,000         4,260 

In  1871  the  fishing  began  in  the  week  ended  24th  June,  and  in  this 
year  the  herrings  were  taken  up  to  the  end  of  July  chiefly  in  the  Kyles 
of  Bute,  Loch  Striven,  and  Loch  Long ;  also  on  the  west  side  of  Bute. 
From  this  time  to  near  the  end  of  November  the  fishing  was  chiefly  in 
Kilbrennan  Sound  and  between  Arran  and  Skipness  Point,  trials  made 
in  the  Kyles  and  lochs  giving  no  results.  But  in  the  week  ending  25th 
November  a  fishing  sprang  up  in  Loch  Goil  and  Loch  Long,  the  catch  for 
the  week  amounting  to  1200  crans.  In  the  early  j)art  of  December  the 
fishing  continued  to  be  good  in  these  lochs,  and  also  in  mid-channel 
between  Dunoon  and  Wemyss  Bay ;  but  though  it  kept  up  fairly  in 
Loch  Long  to  the  end  of  the  month,  most  of  the  boats  went  off  to 
Wemyss  Bay  and  Greenock.  In  January,  1872,  herrings  were  still 
obtained  in  Loch  Long  and  Loch  Goil,  but  the  weather  greatly  interfered 
with  the  operations,  and  none  were  caught  after  the  13th.  In  this  year 
again  the  herrings  appear  to  have  made  their  way  to  the  northern  lochs 
of  the  district  by  the  east  side  of  Bute.  The  quantity  taken  in  each  of 
the  months  was  as  follows: — 

June.  July.  August.  September.  October.  November.  December.  January. 
800    455      1,315  525  38  4,696  4,500^         180 

The  total  for  the  year  was  16,589  crans. 

In  1872,  when  the  fishing  began  in  the  week  ended  27th  July,  very 
few  herrings  were  got  in  the  Kyles  of  Bute,  but  from  October  on  to  the 
early  part  of  January  the  chief  fishing  was  in  Loch  Long  and 
Loch  Goil,  some  large  takes  being  made  with  the  seine — one  seining 
crew  at  the  beginning  of  December  realising  £420  for  two  nights'  work 
in  Loch  Long.  The  shoals  left  these  lochs  about  the  middle  of  January. 
The  total  catch  for  the  year  was  only  9135  crans,  and  the  monthly  takes 
as  follows : — 

July.  August.  September.  October.  November.  December.  January. 
80  740  720  880  4,29X)  2,245  170 

In  1873  the  herrings  did  not  visit  the  Kyles  of  Bute  or  the  northern 
lochs,  and  the  total  for  the  year  was  only  3151  crans,  less  than  was 
sometimes  taken  in  a  single  week,  which  were  chiefly  obtained  at  Arran. 
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The  last  herriDgs  laDded  in  the  district  were  five  crans  in  the  early  part 
of  November,  which  were  caught  off  the  Ayrshire  coast.  The  fishermen, 
it  is  noted,  did  not  remember  any  season  when  the  herrings  were  so 
scarce  in  the  later  months  of  the  year.  The  monthly  totals  were  as 
follows : — 

June.    July.    August.    September.    October.    November.    December. 
60        704         368  1,218  626  16  — 

From  1873  to  1887  the  annual  yield  of  the  district  was  small,  and 
few  or  no  herrings  were  taken  in  the  Kyles  or  the  lochs.  In  that 
period  the  best  year  was  1880,  when  8829  crans  were  caught,  and  the 
records  show  that  the  great  balk  of  the  fish  was  obtained  at  Loch  Ransa, 
Arran,  and  in  Eilbrennan  Sound.  Still  a  fair,  though  not  large,  fishing 
was  carried  on  by  the  smaller  boats  in  the  Kyles  of  Bute  and  Lochs 
Long,  Goil,  Striven,  and  Riddon  at  the  end  of  June  and  in  July,  and 
some  herrings  were  taken  in  Loch  Striven  in  October. 

From  1887  to  1891  the  yield  was  higher,  especially  in  1890,  when  the 
aggregate  was  18,749  crans,  the  annual  average  for  the  five  years  being 
11,881  crans.  In  1887  the  fishing  began  in  the  week  ended  9th  July, 
in  the  Sound  of  Kilbreunan,  off  Ardlamont,  and  in  the  Kyles,  as  well  as 
Lochs  Striven  and  Riddon,  and  fishing  was  also  prosecuted  in  Loch  Long. 
But  throughout  the  year  the  principal  fishing  area  was  in  the  neighbour- 
hood of  Skipness,  between  Arran  and  Bute,  and  in  Kilbrennan  Sound, 
practically  all  the  herrings  got  in  the  later  months  of  the  year  being 
obtained  about  Machrie  Bay,  Arran.  The  total  for  the  year  was  10,376 
crans. 

In  1888,  when  the  total  was  9919  cittns,  the  fishing  began  favourably 
in  the  week  ended  30th  June,  in  Ix)chs  Long,  Gk)il,  and  Striven.  The 
Officer  noted  that  the  fishing  in  Loch  I^ng  was  the  most  successful  for 
many  years  there,  and  that  there  was  every  indication  of  a  large  shoal  of 
herrings  having  passed  up  the  Clyde.  In  the  week  ended  14th  July  it 
is  stated  that  the  fishing  in  the  lochs  had  been  very  successful,  the  catch 
in  Loch  Striven  being  331  crans,  and  in  Loch  Long  400  crans,  all  large, 
fine  fish.  The  fishing  in  Loch  Riddon  and  the  Kyles  was  also  successful. 
In  August,  though  herrings  were  ^till  being  got  in  the  lochs  and  in  the 
Kyles,  the  fishing  was  chiefly  in  Kilbrennan  Sound;  a  few  were 
obtained     in     Loch     Striven     in     September.  But     after     this 

the  herrings  were  caught  in  Kilbrennan  Sound,  Machrie  Bay,  and 
off  Skipness  and  Ardlamont  till  the  season  closed  early  in  December.  In 
1889,  the  fishing  began  at  the  end  of  June  in  Lochs  Striven,  Long,  and 
Goil,  and  also  on  the  west  side  of  Bute,  and  off  Garroch  Head.  The  loch 
fishing  was  slight  in  July,  but  early  in  August  it  was  successful  in  Loch 
Striven  and  the  neighbourhood  of  Rothesay,  and  there  was  a  fair  fishing 
in  the  Kyles  and  Loch  Riddon.  After  this  the  fishing  in  Lochs  Long 
and  Goil  fell  off,  and  though  herrings  continued  to  be  taken  in  Loch 
Striven  and  the  Kyles,  the  chief  fishing  was  to  the  south  off  Ardlamont 
and  then  off  Skipness.     The  total  for  this  year  was  8849  crans. 

In  1890,  when  the  aggregate  totalled  18,749  crans,  the  fishing  again 
began  in  the  week  ended  21st  June^  in  Loehs  Striven,  Long,  and  Goil;  it 
continued  there  and  also  in  the  Kyles  and  at  Arran  during  July,  falling 
away  in  the  lochs  as  the  month  advanced.  In  August  the  chief  fishing 
place  was  off  Ardlamont,  where  the  great  bulk  of  the  fish  in  this  month 
were  obtained,  but  herrings  were  also  taken  in  the  Kyles  of  Bute,  Loch 
Riddon,  and  at  Arran.  In  September  the  most  productive  area  was  also 
at  Ardlamont,  but  herrings  were  also  taken  in  the  Kyles,  Loch  Riddon, 
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and  the  neighbourhood  of  Port  Bannatyne.  Daring  the  rest  of  the  year 
most  of  the  herrings  landed  were  caught  at  Ardlamont,  Skipness,  and  on 
the  Arran  coast,  the  season  closing  in  the  early  part  of  December.  The 
catch  in  each  month  was  as  follows : — 

July.     August.     September.     October.     November.     December. 
6,002       8,612  2,548  516  593  145 

In  1891,  when  the  aggregate  catch  was  11,513  crans,  the  fishing 
opened  in  the  week  ending  27th  June,  the  Officer  reporting  that  there  had 
not  been  such  a  successful  fishing  in  the  Kyles  of  Bute  and  Loch  Riddon 
for  the  previous  twenty  years  as  in  the  past  week,  and  conjecturing  that 
the  shoal  which  usually  visits  Loch  Striven  had  this  year  entered  the 
Kyles.  The  catches  in  Loch  Long  and  Loch  Goil  were  also  very  good. 
But  in  the  following  week  the  fishing  declined  in  these  localities,  and  the 
fishermen  turned  their  attention  to  the  Arran  waters,  where,  until  the 
end  of  September,  most  of  the  herrings  were  taken,  but  a  sn)all  fishing 
went  on  in  the  Kyles  and  Loch  Riddon.  In  October  the  most 
productive  localities  were  off  Skipness  Point  and  the  Sound  ox  Kilbrennan, 
and  in  November  also  Ardlamont  and  Kames  Bay. 

As  may  be  seen  from  the  tables,  the  yield  from  1892  to  1901,  inclusive, 
was  very  small,  the  annual  average  for  the  ten  years  being  2629  crans, 
but  in  1902  and  1903  there  were  again  great  takes  of  herrings  m  the 
district. 

In  1901,  when  only  1825  crans  were  landed,  the  catches  were  made 
chiefly  about  Skipness  Point,  Inchmarnock,  and  Ardlamont,  it  being 
stated  that  the  fishing  in  the  lochs  was  a  complete  failure,  and  the  last 
herrings  of  the  season  were  landed  on  the  12th  October. 

In  1002,  when  26,049  crans  were  landed,  the  information  as  to  the 
locality  of  fishing  is,  unfortunately,  defective  for  the  earlier  part  of  the 
season,  but  it  appears  that  in  August  some  herrings  were  obtained  in  Loch 
Striven  and  in  the  Kyles.  At  the  end  of  October  the  bulk  of  the 
herrings  were  taken  off  (rarroch  Head,  at  Inchmarnock,  and  in  the  Kyles 
of  Bute.  In  the  week  ending  8th  November  all  the  herrings 
landed,  2808  crans,  were  caught  in  the  Kyles  of  Bute, 
where  fishermen  reported  a  "fine  appearance"  of  herrings.  In 
the  succeeding  weeks  they  were  still  plentiful  in  the  Kyles  and  in  Loch 
Riddon,  and  a  very  successful  fishing  was  carried  on  there  until  the  end  of 
January  and  into  the  first  week  of  February,  when  it  ceased.  In  one 
week  in  November  the  216  boats  fishing  caught  5219  crans,  the  totals 
for  the  various  months  of  the  season  being  as  follows  : — 

July.  August.   September.   October.   November.   December.  January. 
624        560  224  2,705         12,344  9,147         7,131 

In  1903  the  catch  was  still  greater,  viz.,  28,361  crans.  Up  to  the  end 
of  August  the  takes  were  light,  the  herrings  being  got  chiefly  about  Skip- 
ness Point,  and  very  little  was  got  in  Lochs  Riddon  and  Striven.  At  the 
beginning  of  September  a  large  shoal  appeared  between  Inchmarnock  and 
Ardlamont  Point,  apparently  making  for  the  Kyles  of  Bute,  and  till  the 
end  of  September  large  hauls  were  got  there  and  between  Inchmarnock 
and  Garroch  Head.  The  shoals  did  not  enter  the  Kyles  till  about  the 
middle  of  October,  their  movements  being  described  as  very  erratic,  a 
circumstance  which  was  attributed  by  some  to  the  use  of  seines  in  these 
narrow  waters.  From  the  latter  part  of  October  and  in  November  the 
catches  fell  off,  especially  those  of  the  seiners,  the  herrings,  though  known 
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to  be  abundant,  not  rising  to  the  surface,  which  was  ascribed  to  the 
prevalent  wet  weather.  Qround-nets,  or  so-called  'Hrammels/'  were 
largely  used,  with  success,  as  well  as  drifb-nets.  In  the  week  ended  12th 
December  a  good  fishing  was  got  (2607  crans)  by  the  three  modes  in  the 
Kyles  and  Loch  Riddon.  In  the  succeeding  weeks  seines  were  most 
successful,  but  as  the  market  was  glutted  and  prices  fell  the  fishing 
became  slack,  and  the  last  herrings  were  taken  on  26th  December.  It 
appears,  however,  that  the  fishing  was  resumed  in  January,  because  the 
first  entry  in  the  records  for  the  next  year  is  2843  crans  for  the  winter 
fishing,  and  though  no  details  are  given  as  to  the  weekly  catches  or  the 
place  of  fishing,  it  may  be  surmised  to  represent  the  fishing  in  January  in 
the  Kyles  and  probably  Loch  Riddon.  The  quantities  for  the  various 
months  were  as  follows:  — 

July.  August.  September.  October.  November.  December.  January  (?) 
413       361  3,327  2,944         2,717         10,897         2,843 

In  1902-1903  there  was  thus  a  repetition  of  what  took  place  36  years 
before,  but  in  the  later  case  the  shoals  of  herrings  did  not  apparently 
penetrate  to  Loch  Striven  and  the  northern  lochs,  as  mention  is  not  made 
of  any  fishing  north  of  Loch  Riddon.  The  fishing,  moreover,  in  1904  fell 
to  7540  crans,  and  to  1738  crans  in  1905.  In  1904,  herrings  entered  the 
Kyles  at  the  end  of  September,  and  a  fair  fishing  was  got  between 
Ardlamont  Point  and  Tighnabruaich,  and  in  the  first  fortnight  of  October 
in  Loch  Riddon  also.  The  herrings  disappeared  after  this  in  the  Kyles 
until  December,  when  a  few  hundred  crans  were  caught.  In  1 905  the 
Officer  reported  unusual  quantities  of  mackerel  as  being  caught  in  July 
and  August  especially,  and  practically  no  fishing  took  place  in  the 
Kyles. 

In  1906  the  aggregate  catch  was  again  above  the  average,  amounting 
to  13,709  crans ;  but  in  this  year  the  successful  fishing  was  due,  not  to  the 
herrings  having  come  into  the  Kyles  or  the  northern  lochs,  but  to  their 
congregation  on  the  east  side  of  Arran,  and  especially  in  Brodick  Bay  and 
neighbourhood,  a  position  not  recorded  in  any  previous  year.  In  August, 
and  still  more  in  September,  ^reat  catches  were  made  in  that  locality. 
In  the  early  part  of  October  the  shoal  shifted  northwards,  and  in  the 
week  ended  13th,  3218  crans  were  taken  in  the  vicinity  of  Inchmamock, 
at  the  mouth  of  the  Kyles,  to  which  it  was  supposed  the  herrings  were 
moving.  Stormy  weather  followed,  and  the  herrings  disappeared,  and  the 
quantity  taken  in  the  remaining  months  was  very  small,  and  mostly  in 
Loch  Striven,  but  also  in  Loch  Riddon  and  on  the  Ayrshire  coast.  The 
catches  in  the  various  months  were  as  follows: — 

June.     July.    August.    September.    October.    November.    December. 
133       416        2,764  6,070  3,904  72  197 

Greenock  District, 

This  district  comprises  the  upper  part  of  the  Clyde,  including  the  coast 
of  Dumbartonshire  on  the  north,  the  coast  of  Renfrewshire,  and  the 
northern  part  of  the  coast  of  Ayrshire  as  far  as,  but  not  including,  the 
port  of  Ayr.  It  thus  includes  the  estuary  of  the  Clyde  and  the  Gareloch, 
and  on  the  Ayrshire  coast  the  ports  of  Troon,  Irvine,  Saltcoats, 
Ardrossan  and  Larga  In  1906  there  were  195  boats  and  256  fishermen 
and  boys  belonging  to  the  district.  The  statistical  records  in  the  Officer's 
books  go  Y)ack  to  the  year  1855,  but  it  is  to  be  noted  that  at  that  time, 
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and  up  to  and  including  the  year  1862,  the  limits  of  the  district  were 
much  greater,  comprising  the  coast  right  round  to  the  upper  parts  of  the 
Solwaj.  In  1863  the  coast  from  (and  including)  Ayr  southwards  was 
formed  into  the  district  of  Ballantrae,  referred  to  below.  The  tables 
referring  to  the  district  will  be  found  appended  (pp.  115,  127). 

The  gross  quantity  of  herrings  landed  in  the  district  in  the  years  1855> 
1906  amounted  to  141,098  crans,  or  about  493,850  cwts.,  giving  an 
annual  average  quantity  of  2713  crans.  The  annual  fluctuations  ranged 
from  182  crans  to  33,640  crans.  In  the  iirst  half  of  the  fifty-two  years, 
1855-1880,  the  quantity  of  herrings  lauded  in  the  district  was  97,819 
crans,  giving  an  annual  average  of  3760  crans;  in  the  second  half,  1881- 
1906,  the  aggregate  quantity  was  less  than  half  of  this,  viz.,  43,279  crans, 
the  annual  average  being  1660  crans.  Taking  the  period  from  1863, 
since  the  district  had  the  limits  it  has  at  present,  the  aggregate  quantity 
landed  was  141,098  crans,  the  annual  average  for  the  forty-four  years 
being  2807  crans.  In  the  first  half  of  this  period,  1863-1884,  the 
quantity  landed  was  88,722^  crans,  the  annual  average  being  4033  crans; 
in  the  second  half,  1885-1906,  the  aggregate  was  34,795|  crans,  the 
annual  average  being  1581  crans.  The  great  difference  was  caused  by 
quite  an  exceptional  and  abnormal  fishing  in  1868  and  1869,  as  explained 
below,  when  over  50,000  crans  were  landed.  If  these  be  deducted,  then 
the  average  for  the  forty-two  years  falls  to  1743  crans,  and  the  average  of 
the  remaining  twenty  years  of  the  first  half  of  the  period  to  1920  crans, 
as  compared  with  the  1581  crans  for  the  last  twenty-two  years.  The 
catch  in  this  district  has  thus  fallen  on  the  whole. 

Taking  the  whole  period  in  groups  of  ten  years,  the  annual  averages  are 
as  follows : — 

1857-1866.     1867-1876.     1877-1886.     1887-1896.     1897-1906. 
2,318  6,472  1,634  1,587  1,689 

And  in  five-yearly  periods  the  averages  are ; — 


1857-61 

1,642 

1882-86 

1,864 

1862-66 

2,994 

1887-91 

2,077 

1867-71 

.       11,637 

1892-96 

1,097 

1872-76 

1,307 

1897-1901     . . 

400 

1877-81 

1,404 

1902-06 

2,978 

The  table  of  the  annual  quantities  landed  and  the  curve  representing 
them  show  that  the  years  1855,  1860,  1862,  1865,  1868,  1869,  1870, 
1882,  1888,  1905,  and  1906  were  above  the  general  average  for  the  whole 
period,  while  the  lowest  years  are  to  be  found  from  1896  to  1901. 

Unfortunately,  the  records  of  this  district,  so  far  as  the  locality  where 
the  fish  were  caught  is  concerned,  are  very  defective,  particularly  in  the 
early  years.  From  occasional  notes,  it  may  be  surmised  that  there  was 
usually  a  fishing  in  June  and  July  in  the  earlier  part  of  the  period  in  Luce 
Bay  and  neighbourhood,  but  probably  the  chief  fishing  was  on  the  coast 
of  Ayrshire  and  over  to  the  coast  of  Arran.  In  1862  the  summer  fishing 
was  on  the  Ayrshire  coast,  the  total  for  the  year  being  5260  crans,  the 
catches  in  the  principal  months  being  as  follows : — 

July.  August.  September.  October. 

896  2,564  1,675  55 
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In  1863  no  information  is  given.  In  1864  the  fishing  appears  to  have 
been  over  at  Arran  mostly,  and  in  November  some  were  taken  in  Irvine 
Bay  and  Saltcoats  Bay.  In  1865  the  summer  fishing  appears  also  to 
have  been  chiefly  in  the  neighbourhood  of  Arran,  but  in  November 
the  herrings  set  in  in  great  abundance  to  Irvine  Bay,  the  oldest 
fisherman,  it  is  said,  not  remembering  such  heavy  catches  with  drift-nets 
as  were  then  obtained,  and  the  herrings  were  taken  close  to  the  shore  and 
even  in  Irvine  Harbour.  The  weekly  catches  may  be  given,  the  number 
of  crans  of  herrings  landed  at  the  various  ports  being  as  follows : — 


Week  ended 

Troon. 

Irvine. 

Saltcoats. 

Ardrossan. 

Total. 

4  Nov.    . 

10 

777 

133 

•      • 

920 

11     ,,       - 

8 

545 

320 

17 

890 

18     „       - 

330 

22 

•   • 

352 

25     „       - 

1 

> 

a    . 

•   • 

1 

/' 

2  Dec.     - 

125 

34 

159 

9     „       - 

342 

18 

360 

16     „       - 

109 

21 

130 

23     „       - 

65 

. . 

65 

30     „ 

300 

.  . 

.  • 

300 

6  Jan.  1866 

400 

5 

. . 

405 

13     „        ,, 

• 

12 

20 

32 

After  the  13th  January  the  fishing  fell  off,  only  a  few  hundreds  of 
herrings  being  caught  up  to  the  end  of  the  month.  The  totals  for  the 
various  months  for  the  district  are  as  follows: — 

June.    July.    August.    September.    October.    November.    December.    January. 
24      249      1,200         232  113  2,322  855  437 

In  1866  the  summer  fishing  appears  to  have  been  mostly  near  Arran, 
and  in  November  the  herrings  were  again  toleraVly  abundant  in  Irvine 
Bay,  appearing  about  the  same  time,  viz.,  3rd  November.  Later  in  he 
month  they  were  found  in  A3rr  Bay.  The  fishing  was  continued  to 
January  25th,  but  with  less  success,  the  weather  being  stormy.  The 
monthly  totals  are  these: — 

June.    July.    August.    September.    October.    November.    December.    January. 
38      580       506  37  132  927  67  309 

The  total  for  the  year  was  2724  crans. 

There  is  no  information  for  1867,  except  that  on  14th  December 
it  is  said  that  "  the  winter  fishing  on  the  Ayrshire  coast  has  done  little  or 
nothing  as  yet/'  and  no  shoal  appeared  on  the  coast  as  in  the  two  previous 
years.  The  total  for  the  year  was  1266  crans,  of  which  309  crans  were 
taken  in  January,  as  above  stated. 

The  year  1868  is  a  memorable  year  in  the  fishing  annals  of  the 
Greenock  district.  In  the  summer  the  fishing  was  rather  poor,  and  it 
was  noted  that  there  did  not  appear  to  be  a  shoal  of  any  extent  on  the 
coast      The  total  quantity  up  to  the  beginning  of  October  was  1425 
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erans.  In  the  week  ended  3rd  October  80  crane  were  landed,  the  place 
of  fishing  being  unspeciBed.  On  the  following  week  194  crane  were 
taken,  and  the  Officer  (now  a  new  one,  Mr.  John  Bain)  reported  that  ap- 
wards  of  100  crans  were  landed  at  Greenock,  from  which  place  20  boats 
were  fishing,  and  he  added — *'  On  Friday  and  Saturday  last  (9th  and 
10th  October)  the  fishing  in  the  Clyde  was  remarkably  good.  It  is 
prosecuted  opposite  Greenock,  and  on  Friday  afternoon  good  takes  were 
got  farther  up  the  Clyde,  opposite  Port-Glasgow.''  It  is  possible  that 
the  fishing  in  this  locality  had  started  a  little  before,  and  that  part  of  the 
80  crans  recorded  for  the  preceding  week  were  caught  there ;  but  it  can 
scarcely  have  begun  before  26th  September,  when  the  previous  Officer 
notes  that  the  Ayrshire  boats  had  been  doing  nothing  as  yet^  and  had 
gone  to  Loch  Fyne. 

As  the  season  advanced  the  fishing  in  the  estuary  of  the  Clyde  in- 
creased, and  boats  from  other  districts  and  from  the  East  Coast  were 
attracted  to  Greenock.  The  herrings  were  caught  by  seines  between 
Greenock  and  Helensburgh,  opposite  Port-Glasgow,  and  sometimes  as  far 
np  as  between  Greenock  and  Dumbarton,  a  very  unusual  occurrence. 
The  number  of  boats  increased  to  a  maximum  of  340  in  November  and 
December,  and  they  fished  day  and  night ;  the  weekly  catches  increased 
to  6000  crans  (or  about  6,000,000  herrings)  in  November,  and  the  Officer 
noted  that,  notwithstanding  the  great  fleet  of  boats  all  using  the  seine-net 
— often  improvised  from  drift-nets — busily  engaged  day  and  night 
amongst  them,  and  steamers  continually  plying  up  and  down,  the  shoal 
still  remained  in  the  narrow  estuary,  and  seemed  rather  to  increase  than 
diminish.  On  12th  December  he  adds — ''Notwithstanding  that  a  con- 
siderable number  of  boats  (up  to  340)  have  been  during  the  past  nine 
weeks  constantly  engaged  trawling  for  herrings  in  the  Clyde  in  com- 
paratively shallow  water,  the  herrings  ap[)ear  to  be  as  abundant  as  when 
the  fishing  commenced,  evidently  showing  that  trawling  does  not  frighten 
away  the  herrings,  as  is  sometimes  alleged  by  those  opposed  to  this  mode 
of  fiishing." 

Shortly  after  this,  however,  the  fishing  fell  away.  On  18th  and  19th 
December  very  few  herrings  were  taken,  and  the  total  catch  for  the  suc- 
ceeding week  fell  to  120  crans.  It  was  believed  that  the  fish  had  gone 
to  Loch  Long  and  Loch  Groil,  where,  as  stated  above,  a  great  fishing 
occurred.  Towards  the  end  of  January  a  fishing  revived  opposite 
Greenock  and  was  continued  to  the  27th,  the  last  herrings  being  taken 
opposite  Gourock,  and  it  was  supposed  that  the  shoal  was  making  its  way 
down  to  the  sea.  The  weekly  totals  for  the  district,  and  which  refer  to 
the  fishing  in  the  estuary,  are  as  follows  : — 

Oct. 


91 
•9 


10 

..  194 

No».  7  . 

.  2,496 

Dec.  6 

..  2,600 

17 

. .  383 

„  H  . 

.  6,800 

.,  12 

..  3,600 

24 

1022 

„  21  . 

.  6,000 

..  19 

..  3,000 

31 

1500 

„  28  . 

.  6,500 

„  26 
31 

120 
20 

The  monthly  totals  for  the  district  are  these  : — 

July.   August.   September.   October.  November.    December.  January. 
576        401  428  3,179  19,796  9,240  470 

In  the  following  year,  1869,  in  the  belief  that  there  were  still  herrings 
in  the  Clyde  opposite  Greenock,  a  few  trials  were  made  at  the  beginning 
of  June,  but  none  were  caught.     In  this  month  and  July  the  herringi 
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landed  were  caught  apparently  off  the  Ayrshire  coast,  and  it  is  noted  on 
10th  July  that  the  "  appearance  "  of  herrings  on  the  coast  was  good.  On 
the  4th  September  it  is  noted  that  20  crans  were  taken  on  the  grounds 
opposite  Greenock,  and  the  fishing  continued  here  during  the  month, 
without,  however,  yery  great  success.  A.t  the  beginning  of  October  it  is 
stated  that  the  principal  fishing  grounds  were  the  banks  between 
Greenock  and  Helensburgh,  but  that  although  numerous  boats  (161)  were 
employed  both  night  and  day,  the  results  were  not  yet  encouraging.  On 
the  18th  October  70  crans  were  caught,  and  iu  the  week  ended  23rd  400 
boats  were  prosecuting  the  fishing,  and  3000  crans  were  taken.  The 
herrings,  the  Officer  noted,  were  scattered  along  the  Tail  of  the  Bank,  and 
were  got  from  the  entrance  to  the  Gareloch  up  to  opposite  Port-Glasgow. 
In  the  next  week  6000  crans  were  taken  by  478  boats,  after  which  the 
weather  became  somewhat  stormy  and  interfered  with  the  fishing. 
Early  in  November  the  herrings  began  to  get  scarce,  the  weekly  catch 
falling  to  120  and  then  to  14  crans,  and  the  fishermen  were  of  opinion 
that  the  herrings  had  been  driven  from  the  Tail  of  the  Bank  by  the  great 
quantity  of  fresh  water  coming  down  the  Clyde,  and  that  when  the  water 
became  clearer  the  herrings  might  return.  At  the  end  of  November  the 
fishing  did,  indeed,  improve  slightly,  844  crans  being  taken  in  the  week 
ended  27th,  but  they  were  caught  farther  down  the  Clyde,  opposite 
Gk)urock  and  Kilcreggan,  though  a  few  were  still  got  opposite  Greenock. 
In  December  a  small  quantity  were  taken,  chiefly  in  the  channel  and 
down  by  Wemyss  Bay  and  Gourock.  In  the  week  ended  8th  January 
the  fishing  was  at  Largs  and  Fairlie,  and  between  those  places  and  the 
Cumbraes,  and  it  appeared  that  the  herrings  were  going  farther  and 
farther  to  sea ;  none  were  secured  after  that  week.  The  total  catch  for 
the  year  was  16,670  crans,  of  which  470  were  taken  in  January.  The 
particulars  for  the  months  and  the  chief  weeks  are  as  follows  : — 


June. 

July. 

August. 

September. 

October. 

November. 

December. 

January. 

142 

12 

3,200 

302 

•  •  • 

40 

43 

120 

« •  • 

300 

36 

2,996 

14 

•  •  • 

•  •  • 

53 

6,000 

884 

200 

•  •  • 

205 

•  •  • 

•  • « 

150 

•  •  • 

101 

706 

1,036 

476 

9,051 

4,178 

662 

1 

300 

In  1870  the  fishing  on  the  Ayrshire  coast,  of  the  usual  kind,  continued 
till  the  end  of  August,  when  it  began  to  fall  off.  In  the  first  week  of 
September  two  boats  tried  the  grounds  opposite  Greenock,  and  got  a  few 
hundreds  of  very  small  herrings.  In  the  next  week  about  40  boats  got 
70  crans,  also  very  small  fish,  running  about  1400-1600  to  a  cran,  and  so 
on  throughout  the  month.  In  October  the  fishing  in  the  district  was 
almost  entirely  confined  to  Greenock ;  towards  the  end  of  the  month  it 
fell  off,  and  very  few  were  got  at  the  Tail  of  the  Bank  afterwards,  either 
in  November  or  December :  those  taken  in  the  latter  month  were  caught 
farther  down  by  Inverkip  and  Wemyss  Bay  aud  over  towards  the  Cloch 
Lighthouse.  The  last  entry  is  for  the  week  ended  24th  December,  but 
40  crans  were  landed  iu  January,  place  not  specified.  In  this  year  the 
total  was  only  4350  crans,  of  which  300  crans  were  obtained  in  January. 
The  particulars  for  the  months,  aud  for  the  weeks  during  which  the 
fishing  was  in  the  estuary  of  the  Clyde,  are  as  follows : — 
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June. 

July. 

August. 

September. 

October. 

November. 

December. 

January. 

66 

40 

64 

598 

4 

20 

6S 

150 

113 

20 

•  •  • 

200 

60 

22 

108 

100 

75 

•  •  • 

102 

•  •  • 

•  •  • 

552 

1,146 

644 

318 

240 

1,048 

40 

In  September,  about  205  of  the  total  crans  landed  were  caught  off 
Greenock  ;  in  October  the  quantity  was  87  crans,  the  rest  being  got  on 
the  Ayrshire  coast ;  in  November  68  crans  were  got  near  Greenock,  and 
172  crans  on  the  Ayrshire  coast ;  in  December,  in  the  first  week  none 
were  got  at  the  Tail  of  the  Bank,  most  coming  from  the  entrance  to  Loch 
Long  and  the  Holy  Loch  ;  in  the  second  week  about  104  crans  were  taken 
'between  Wemyss  Bay  and  Inverkip,  the  rest  on  the  coast  of  Ayrshire, 
and  a  considerable  quantity  of  those  taken  in  the  next  week  were  also 
caught  near  Inverkip. 

In  1871  the  grounds  off  Greenock  were  tried,  and  over  towards 
Helensburgh  in  October,  but  only  a  few  crans  of  herrings  were  obtained, 
the  weekly  catches  being  6  crans,  10  crans,  4  crans.  In  the  early  part  of 
November  some  herrings  were  taken  on  the  Tail  of  the  Bank,  and  this 
drew  a  number  of  boats  to  the  place.  The  particulars  of  the  weekly 
fishing  on  these  grounds  are  as  follows  : — 


Boats. 

Crans. 

• 

Boats. 

Crans. 

Oct.      7      - 

12 

•    6 

Nov.  11      - 

50 

58 

„       14     - 

10 

10 

„      18     - 

50 

220 

„       21      - 

4 

4 

„      25      - 

30 

100 

„       28     - 

•   • 

•    • 

Dec.     2      - 

80 

300 

Nov.     4     - 

8 

8 

„        9      - 

70 

700 

During  the  last  week,  while  fishing  was  also  carried  on  on  the  Tail  of 
the  Bank,  a  considerable  proportion  of  the  fish  were  taken  between 
Gourock  and  Largs.  No  herrings  appear  to  have  been  taken  after  this, 
and  none  were  obtained  in  January. 

In  1872  the  total  landed  for  the  year  was  only  553  crans.  Several 
trials  were  made  at  the  Tail  of  the  Bank  in  the  latter  part  of  the  year, 
but  with  no  success.  The  fishing  in  the  following  years  was  not  very 
successful  until  1882,  and  the  particulars  given  as  to  the  locality  of 
fishing  are  scanty,  but  it  appears  generally  to  have  been  on  the  Ayrshire 
coast  and  towards  Arran. 

In  1882  the  total  was  3734  crans ;  such  information  as  is  given 
indicates  that  the  fish  were  taken  chiefiy  at  Arran  and  about  the 
Cumbraes :  there  is  no  mention  of  the  Clyde  estuary.  In  1888  the 
aggregate  was  3071  crans.  In  June  and  the  early  part  of  the  season  the 
fishing  was  chiefiy  in  Gareloch,  where  the  fishing  is  said  to  have  been 
better  than  for   n^any  years.     Later  it  was  at  Arran,  especially  about 
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Sanuox,  though  there  was  again  a  elight  fishing  in  Gktreloch  about  ihe 
middle  of  September. 

In  1905,  when  the  aggregate  was  4455  crans,  the  bulk  was  obtained  in 
September  and  October,  and  the  chief  fishing  places  were  in  those  months 
the  waters  between  the  Ayrshire  coast  and  Arran. 

In  1906  the  total  amounted  to  7865  crans ;  there  is 
an  entry  of  687  crans  for  winter  fishing  without  specification 
of  grounds.  The  herrings  in  August  and  September  were  chiefly 
caught  on  the  east  coast  of  Arran,  in  the  channel  between 
Ardrossan  and  Arran,  and  in  Brodick  Bay.  In  November  there 
was  a  fishing  on  the  coast  of  Ayrshire,  but  the  quantity  taken  was  small ; 
later  in  the  month  it  was  farther  up  the  coast,  off  Largs,  and  in  the 
end  of  the  month  in  Gkreloch,  where  a  considerable  shoal  of  herrings 
appeared.  In  December  the  fishing  continued  with  success  in  Grareloch, 
and  apparently  also  in  January,  1 907,  for  the  first  entry  for  that  year, 
on  February  9th,  represents  4844  crans  as  having  been  taken  in  the 
winter  fishing  to  date.  In  February,  1907,  the  fishing  took  place  off 
Greenock  and  in  Largs  Bay,  and  large  quantities  of  herrings  were  taken. 
In  March  this  fishing  fell  off,  the  last,  25  crans,  being  taken  in' 
the  week  ending  March  9th.  This  then  represents  another  incursion  of 
shoals  to  the  upper  reaches  of  the  Clyde.  The  quantities  (crans)  landed 
in  each  of  the  monthfl  are  as  follows : — 

1906. 

January(?)  July.  August.  September.  October.  November.  December. 

687  141      1,304  1,630  451  2,014  1,638 


1907. 

. 

January. 

February. 

March 

4,844 

2,709 

25 

The  catches  by  the  week  during  the  winter  fishing  in  the  upper  waters 
are  as  follows,  the  first  few  entries  representing  the  fishing  on  the 
northern  part  of  the  Ayrshire  coast : — 

Mar.  9,      25 


Nov.  3, 

38 

Dec.  8, 

„  10, 

65 

1,  15, 

„  17, 

417 

II  22, 

,,  24, 

641 

„  29, 

Dec.  1, 

853 

2,014 


377 
575 
168 
518 

Jan. 
? 

1,638 

4,844 

Feb.  9, 

642 

,1  16, 

624 

„  23, 

1,276 

Mar.  2, 

167 

2,709 


25 


It  may  be  noted  that  a  period  of  about  thirty-seven  years  has  elapsed 
since  great  shoals  appeared  in  these  waters. 


Ballanirae  District, 


The  limits  of  this  district,  as  already  stated,  extend  from  and  include 
the  town  of  Ayr  on  the  Ayrshire  coast,  round  to  the  Solway,  embracing 
the  whole  of  the  Scottish  coast  of  the  latter.  In  1906  the  number  of 
boats  belonging  to  the  district  was  346,  while  there  were  587  resident 
fishermen  and  boys.  As  mentioned  above,  until  1863  this  district  was 
included  in  the  district  of  Greenock,  so  that  the  statistics  available  are 
for  the  forty-four  years  1863-1906,     In  this  period  the  gross  quantity 
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of  herrings  landed  in  the  district  amounted  to  398,689  crane  (about 
1,395,400  cwts.),  giving  an  annual  average  for  the  penod  of  9061  crane. 
In  the  first  twenty-two  years,  1863-1884,  the  gross  quantity  of  herrings 
landed  was  228,592  crans,  the  annual  average  being  10,390  crans ;  while 
in  the  last  twenty-two  years,  1885-1906,  the  quantity  was  170,097 
crans,  with  an  annual  average  of  7732  crans — showing,  therefore,  a  con- 
siderable reduction  in  the  second  period.  The  annual  average  for  each 
of  the  ten-yearly  periods  are  as  follows : — 


(1857-1866 

2,129) 

1887-1896 

8,566 

1867-1876 

4,535  j 

1897-1906 

5,397i 

1877-1886 

.       20,518| 

The  first  of  these  periods,  of  course,  includes  only  four  years.     The 
annual  mean  quantity  in  five-yearly  periods  was: — 


1862-66 

2,129 

1887-91 

14,201 

1867-71 

2,606 

1892-96 

2,931 

1872-76 

6,465 

1897-1901     . . 

4,412 

1877-81 

. .       24,088 

1902-06 

6,383 

1882-86 

16,949 

The  variations  from  one  year  to  another  have  been  very  marked  in  this 
district,  the  smallest  quantity  in  any  one  of  the  years  being  in  1863,  when 
the  total  landed  amounted  to  825  crans ;  the  largest  was  in  1880,  when 
the  aggregate  amounted  to  37,600  crans.  The  great  fluctuations  in  this 
district  have  been  owing  chiefly  to  the  variation  in  the  yield  of  the 
winter  and  spring  fishing.  The  summer  fishing,  as  a  rule,  is  not  of  great 
account,  and  it  is  not  at  present  worth  while  attempting  to  follow  the 
movement  of  the  fishing  in  detail.  Suffice  it  to  say  that  it  begins 
usually  in  May,  and  in  that  and  the  following  month  is  carried  on 
generally  on  the  Ayrshire  coast,  sometimes  into  August ;  the  fishing 
then,  as  a  rule,  passes  to  the  coast  of  Arran  and  about  the  south  end  of 
that  island,  and  into  Kilbrennan  Sound  later  and  the  Argyllshire 
coast. 

The  great  fishing  is  the  winter  and  spring  fishing  on  the  coast  of 
Ayrshire,  which  occasionally  begins  in  November,  more  commonly  in 
December,  and  it  may  not  be  till  January,  or  even  later.  Shoals  of 
herrings  commence  to  congregate  on  the  coast,  sometimes  in  the  southern 
part,  off  Loch  Ryan  and  Corsewall  Point,  and  sometimes  in  the  northern 
part  of  the  district,  about  Ayr  Bay  or  neighbourhood.  The  fishing  is 
then  carried  on  mostly  by  trawl  nets,  or  seines,  and  sometimes  largo 
catches  are  secured.  In  February,  usually  in  the  third  week,  the  shoals 
settle  down  on  the  spawning  grounds  near  the  coast,  particularly  opposite 
Ballantrae,  and  great  quantities  of  herrings  may  be  taken  in  February 
and  March.  The  fishing  closes  in  March  as  a  general  rule,  though 
occasionally  a  small  quantity  is  got  at  the  beginning  of  April  near  the 
shore. 

The  chief  bank  on  which  the  herrings  spawn  is  of  an  irregular 
elongated  form,  and  lies  off  the  coast  between  Bennan  Head  on  the 
north  and  a  point  about  three  miles  south  of  the  village  of  Ballantrae. 
It  begins  about  one  mile  from  the  shore  and  extends  to  over  three  m^'les 
from  it«  the  depth  ranipng  from  about  six  to  thirteen  fathoms,  and  the 
bottom  is  formed  chiefly  of  stones,  gravel,  and  coarse  sand.  The  spawn- 
ing is  not,  however,  always  and  not  perhaps  usually  confined  to  this 
area.  An  elevation  of  the  bottom,  with  depths  from  six  or  seven  to 
fifteen  or  sixteen  fathoms,  extends  along  the  coast  from  near  Girvan  to 
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Loch  Ryan,  and  herrings  appear  to  spawn  in  the  neighbourhood  of  the 
banks,  although  the  Ballantrae  Bank  is  by  far  the  most  important 
locality,  and  it  is  here  that  the  herrings  are  chiefly  obtained  from  the 
middle  of  February  to  the  end  of  March. 

As  this  fishing  is  an  important  one,  I  have  prepared  a  table,  so  far  as 
the  information  is  available,  showing  the  quantities  taken  in  the 
different  months  in  the  various  years.  The  statistics  for  the  "  winter  " 
fishing  in  the  Greenock  district  from  1855  to  1862  (after  which  Ballan- 
trae was  separated)  show  the  following,  but  it  is  unknown  where  the 
herrings  were  taken : — 


1855  1,391  Crans  (to  23rd  June). 

1856  70      „       ,.  14th 

1857  15      „      „  13th 

1858  -7      „       .,     5th 


9f 


» 


1 859  52  Crans  (to  18th  June). 

1860  17      „       „     9th    „ 

1861  50      „      „22nd     „ 

1862  4      „       „     7th 


>> 


f> 


These  figuref.  show,  at  all  events,  that  the  winter  fishing  in  these  years 
at  Ballantrae  Banks  or  neighbourhood  was  small,  and  it  is  to  be  noted 
that  a  close  time  which  was  established  in  I860,*  from  1st  January  to 
31st  May,  for  the  stretch  from  Ardnamurchan  to  the  Mull  of  Qalloway, 
put  a  stop  to  the  spring  fishing  on  this  coast  By  another  Act  of  1865,t 
the  close-time  was  altered  to  the  period  from  1st  February  to  31st  May, 
and  it  was  made  subject  to  the  Sea  Fisheries  Act  of  1868,  and  has  never 
been  enforced.  It  is  stated  in  the  report  of  the  Commissioners  of  1877 
that  seining  for  herrings  commenced  on  the  Ballantrae  Banks  in  1878; 
but  seines  are  mentioned  in  the  records  as  having  been  employed  in  the 
winter  fishing  in  January,  1871,  though  not  apparently  on  the  Banks, 
whore,  indeed,  the  abundance  of  set-nets  or  so-called  trammels  prevented 
their  use  for  several  years.  It  is  to  be  noted  further  that  by  a  byelaw 
(No.  18)  that  came  into  force  in  1902,  seine-trawling  for  herrings  was 
prohibited  from  the  15th  January  to  31st  March  in  each  year  within  an 
area  embracing  Ballantrae  Banks  and  the  waters  south  to  Corsewall 
Point  t 

The  table  showing  the  takes  of  herrings  landed  in  the  four  months 
of  each  season,  December-March,  is  appended. 

•  By  the  Act  23  and  24  Vict.,  c.  92. 

1 28  and  29  Vict ,  c.  22. 

tThe  aroA  is  thus  defined : — **  A  straight  line  drawn  from  Bennan  Head,  Ayr- 
shire, to  a  point  three  miles  north-west  (magnetic) ;  a  straight  line  drawn  itam 
Corsewall  Point  Lighthouse  to  a  point  three  miles  north-north-west  (magnetic) ; 
and  a  straight  line  joining  the  above-mentioned  points." — TtnerUieth  AnnucU 
Revort,  Part  1.,  p.  258. 


[Tabu. 
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Y.*™. 

Docem- 
ber. 

J>nn- 
ftry. 

Pohm- 
aij. 

March. 

Total. 

NoteB. 

1863-64 

64-65 

6 

6 

65-66 

1,695 

"l 

1,896 

68-67 

7 

66 

'"  4 

77 

67-68 

70 

3sa 

lUh  Janiiar;  to  Ut  July. 

68-6B 

13 

13 

69-70 

*(U 

1.649 

lat  Fobruary  to  let  June. 

1870-71 

(lOlJ 

(35 

. 

1,621 

13th  May. 

Winter  md  Spring  to  Ist  .Tune. 

71-72 

10 

! 

T 

1,725 

73-73 

? 

2.025 

73-74 

t 

4,890 

;;              "          aOtbMay. 

74-75 

r 

9,197 

;,          22nd    „ 

75-76 

6.071 

13th    „ 

76-77 

r 

• 

• 

10.254 

I2th    „ 

77-78 

5,075 

10,958 

1.779 

17.820 

78-78 

7.930 

6.276 

4,974 

19,594 

„        4M     „            ^ 

7B-80 

4,085 

6,200 

6,518 

19,452 

35,277 

1880-81 

970 

2,872 

9,310 

11,922 

26,074 

81-82 

178 

1,183 

6,188 

1,337 

8.886 

82-83 

116 

3,697 

1,766 

17.586 

23,145 

83^ 

14.1 

2,813 

8,465 

3,280 

14,707 

84-85 

416 

744 

5,755 

14,094 

21,000 

85-86 

227 

184 

2.224 

2.352 

4,987 

86-87 

37 

48 

754 

9,07* 

9,913 

87-88 

70 

*.% 

2,127 

6,938 

9,585 

8S-89 

913 

875 

8,981 

759 

11,528 

89^90 

1,070 

296 

6,020 

978 

9,264 

1890-91 

8,736 

1,854 

6,(M7 

15,637 

91-92 

2,046 

1.577 

1.736 

6,2.19 

92-93 

65 

454 

519 

93-B4 

3 

75 

94-95 

117 

1,104 

1,281 

96-96 

194 

150 

344 

96-97 

46 

423 

469 

97-»« 

.10 

"  Winter  fiahiiig.' 

98-99 

1.247 

99-1900 

190 

449 

3.664 

4.113 

1900-01 

8 

B,a52 

3,743 

9,395 

01-02 

2,450 

3,072 

1,316 

03-03 

S30 

177 

25 

732 

03-04 

92 

461 

322 

875 

04-05 

i 

1  l08cmnH.  IstOct.  toSlstDec. 

06-06 

684 

183 

389 

1  lOecrwis,  Ut  Jan.  to27th  May. 

06-07 

10,195 

337 

642 

555 

11,629 

•and  2,881  cnt.  Ist  Oi-.t,-31at  Dec. 

With  the  other  table  it  enublca  as  to  see  that  there  was  no  great  winter 
fishing  from  1855  to  1874,  and  that  nntil  1870  the  winter  fiahing  waa 
chiefly  in  December.  From  evidence  given  in  1864  before  the 
Royal  Commission  it  appears  that  the  spriag  fishing  for  spawning 
herrings  on  the  banks  came  to  an  end  in  1856,  and  that  it  was  declining 
for  some  years  before  that  time;  and  that  the  herrings  did  not  return 
until  1862,  when  the  close -time  was  in  force.*  In  the  late  autumn  of 
1S65,  as  appears  from  the  notes  of  the  Fishery  Officers,  herrings  came 
back  in  abundance  to  tfae  Ayrshire  coast  None  were  taken  in 
October  of  that  year,  but  on  3rd  November  the  fishermen  at  Ayr 
'Ibid.,  p.  118B. 
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struck  a  dense  shoal,  and  during  that  month  and  December  heavy 
catches  by  drift-nets  were  landed  from  Ayr  Bay  and  neighbourhood, 
chiefly  from  shallow  water,  three  and  four  fathoms.  The  total  taken  in 
these  two  months  was  3410  crans.  In  the  following  January  only  a 
single  crau  appears  to  have  been  caught,  but  in  November,  1866,  the 
herrings  returned  to  the  coast,  where  good  catches  were  obtained, 
principally  in  Irvine  Bay,  but  it  did  not  last  long.  In  January,  1867, 
herrings  were  got  inshore  at  Dunure,  south  of  Ayr  Bay,  and  in  the 
early  part  of  November  they  set  in,  as  they  had  done  in  the  two 
preceding  years,  on  the  northern  part  of  the  coast,  in  Irvine  Bay,  but 
they  did  not  stay  long  and  comparatively  few  were  taken.  In  1868  they 
did  not  appear  there,  but  in  November  some  were  caught  in  Loch  Ryan, 
at  the  southern  extremity  of  the  coast. 

In  January,  1869,  several  boats  tried  along  the  coast  between  Dunure 
and  Girvau,  but  got  nothing,  and  the  Officer  noted  that  from  the 
number  of  gannets  upon  the  spawning  banks  at  Ballantrae  on  22nd  and 
23rd  January,  and  the  quantity  of  herrings  found  in  the  stomachs  of  cod 
and  other  fish  landed  (the  two  usual  signs),  the  fishermen  were  in  hopes 
of  a' good  fishing;  but  there  is  no  further  entry^  and  apparently  no 
fishing  took  place.  The  summer  fishing  this  year  was  very  successful  on 
the  Ayrshire  coast,  the  best  for  twelve  years  ;  in  September  and  October 
a  few  were  caught  in  Loch  Ryan.  In  the  spring  fishing  of  1870  and  up 
to  1st  June,  1649  crans  of  herrings  were  taken,  but  there  are  no 
particulars  furnished  as  to  the  localities  or  the  months.  The  summer 
fishing  was  again  successful  on  the  Ayrshire  coast,  falling  off  towards  the 
end  of  July,  and  in  August  and  till  November  takes  were  got  in  Loch 
Ryan.  In  the  next  year  the  winter  and  spring  fishing  yielded  1621 
crans  up  to  13th  May,  but  no  particulars  are  furnished;  the  summer 
fishing  was  unsuccessful.  Seines  are  mentioned  as  having  been  used  in 
January.  It  is  also  mentioned  at  the  beginning  of  September  that 
immense  shoals  of  herrings  had  been  seen  at  the  mouth  of  the  Clyde  and 
near  Ailsa  Craig  by  passing  vessels.  In  1872  the  catch  up  to  1st  June 
was  1725  crans,  and  the  summer  fishing  was  very  poor.  Herrings  were 
again  taken  in  Loch  Ryan  in  November.  In  1873  the  catch  np  to  1st 
June  was  2,025  crans;  the  summer  fishing  was  apparently  on  the 
Ayrshire  coast  and  successful  till  August;  and  in  September  and 
October  there  was  a  slight  fishing  off  Ayr,  and  off  Irvine  in  November. 
In  1874  the  winter  and  spring  catch,  up  to  30th  May,  was  4890  crans ; 
the  summer  fishing  was  on  the  Ayrshire  coast  and  then  at  the  south  end  of 
Arran,  and  the  last  herrings  were  taken  at  the  beginning  of  September. 
In  1875  the  winter  and  spring  catch  increased  to  9197  crans,  but  no 
particulars  are  given ;  the  summer  fishing  on  the  coast  was  extremely 
unproductive,  such  as  were  landed  coming  mostly  from  the  other  side  of 
the  Firth.  In  1876  the  quantity  taken  up  to  13th  May  was  6071  crans, 
and  the  summer  fishing  was  poor.  Next  year  the  winter  and  spring 
fishing  yielded  10,254  crans  (up  to  12th May);  the  summer  fishing  was 
not  successful,  and  the  last  herrings  were  landed  in  August. 

In  1878  particuUrs  are  for  the  first  time  given  of  the  winter  and 
spring  fishing,  which,  as  we  have  seen,  had  been  increasing  in  the 
previous  four  or  five  years.  The  total  catch  amounted  to  17,820  crans. 
On  5th  January  it  is  reported  that  herrings  were  abundant  all  along  the 
Ayrshire  coast,  drift-nets,  set- nets,  and  seines  being  used.  On  19th 
January  a  large  shoal  was  said  to  be  off  Ballantrae ;  in  the  week  ended 
2nd  February,  3820  crans  were  landed,  the  best  fishing  being  off  Wood- 
lands,  near  Girvan ;  in  the  next  week  the  quantity  landed  was  4462 
crans,  mostly  taken  off  Turnberry  Point  and  Girvau  by  seines.     On  16th 
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Febniary  it  was  stated  that  as  there  was  a  favourable  appearance  of 
herrings  on  the  spawning  banks  the  fishing  for  the  rest  of  the  season 
would  be  almost  entirely  by  set  or  trammel- nets ;  and  on  23rd  February 
it  was  noted  that  the  herrings  had  now  settled  on  the  banks  for  spawn- 
ing. In  the  week  ended  2nd  March,  4600  crans  were  landed,  all  taken 
by  trammels.  The  weather  then  got  very  stormy,  and  only  22  crans 
were  landed  in  the  following  week,  which  had  been  picked  off  the 
trammel  nets,  the  rest  of  the  fish  being  unfit  for  food,  the  nets  not  being 
hauled  for  some  days.  In  the  middle  of  March  the  gannets  began  to 
get  scarce,  a  bad  sign,  and  the  fishing  declined  and  ended  in  the  last 
week  of  March,  though  23  crans  were  taken  at  the  beginning  of  April  at 
Lendalfoot,  near  Bennan  Head.  The  quantities  landed,  and  the 
number  of  boats  fishing  in  the  various  weeks,  were  as  follows : — 


January. 

February. 

March. 

Boats. 

Crans. 

Boats. 

• 

Crans. 

Boats. 

Crans. 

31 
48 
83 
73 
151 

95 

230 

751 

174 

3,820 

165 
154 
191 
182 

4,462 

206 

1,690 

4,600 

182 

182 

178 

35 

22 
1,261 

474 
22 

5,070 

10,958 

1,779 

It  is  to  be  noted  that  as  a  general  rule  the  fishing  consists  of  two 
parts ;  the  first  is  carried  on  in  the  neighbourhood  of  the  spawning  banks, 
on  the  shoals  as  they  are  collecting,  and  the  second  from  a  little  after  the 
middle  of  February,  among  the  spawning  herrings  on  the  banks.  The 
summer  fishing  this  year  was  of  little  importance,  the  last  herrings  being 
taken  in  the  beginning  of  August ;  in  November  and  December  a  few 
were  got  on  the  Arran  and  Argyllshire  coasts. 

In  1879,  when  the  total  for  the  winter  and  spring  fishing  amounted  to 
19,594  crans,  the  fishing  began  to  the  south  of  the  spawning  grounds,  that 
is,  in  the  opposite  direction  to  the  locality  where  it  opened  in  the 
previous  year.  The  herrings  in  January  were  caught  off  Loch  Ryan  and 
Corsewall  Point  by  seines  and  drift-nets.  By  the  beginning  of  February 
they  were  taken  along  the  coast  from  Corsewall  to  kyr^  a  stretch 
of  35  miles,  and  mostly  between  three  and  five  miles  from  shore. 
In  the  first  week  of  February  the  heaviest  takes  were  got  near  the 
spawning  banks  off  Ballantrae ;  drift-nets,  seine«,  and  trammels  were  used 
this  month,  and  some  catches  were  made  off  Loch  Ryan.  In  March 
trammels  alone  were  used  on  the  banks ;  in  the  week  ended  15th  many 
of  the  fish  were  spent,  and  the  best  catches  were  obtained  off  Bennan 
Head,  to  the  north  of  the  banks.  In  this  locality  and  at  Lendalfoot, 
still  further  north,  414  crans  of  herrings,  mostly  spent,  were  got  by 
trammels  early  in  April,  the  fishing  closing  on  the  9th  of  that  month. 
It  was  thus  late  in  closing,  and  it  may  be  noted  that  no  herrings  were 
secured  in  the  previous  December,  tiie  shoals  being  late  in  arriving. 
The  weekly  quantities  and  the  number  of  boats  engaged  were  as 
follows  • — 
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January. 

February. 

March. 

Boats. 

56 
188 
290 
304 

Orans. 

Boats. 

Crans. 

Boats. 

204 

210 

199 

98 

Crans. 

90 
1,334 
3,078 
3,428 

304 
125 
251 
251 

104 

410 

1,755 

4,007 

1,220 

921 

1,783 

1,050 

7,930 

6,276 

4,974 

The  sammer  fishing  on  the  coast  was  poor,  most  of  the  boats  fishing  at 
Arran  and  on  the  Argyllshire  coast.  About  18th  or  19th  October  a 
large  shoal  of  herrings  entered  Loch  Ryan,,  but  ^^ent  out  in  a  day  or  two 
before  many  were  caught ;  very  few  herrings  were  taken  in  November, 
but  an  unexpectedly  early  commencement  of  the  winter  fishing  was  made 
olf  Loch  Ryan  on  1 1th  December,  and  during  that  mouth  4085  crans  were 
secured  there  about  two  to  five  miles  from  the  coast.  In  January,  1880, 
the  fishing  continued  in  that  quarter,  extending  towards  the  end  of  the 
month  from  Corsewall  to  Ballantrae.  In  the  week  ended  2l8t  February 
the  herrings  were  settling  on  the  spawning  banks ;  at  the  beginning  of 
March  the  best  takes  were  got  on  the  banks  by  seines,  after  which 
the  trammels  were  too  crowded  for  them,  and  the  seiners  left.  The 
fishing  went  on  to  the  end  of  March,  and  the  enormous  quantity  of 
35,277  crans  (about  123,570  cwts,  or  more  than  35,000,000  herrings) 
were  secured,  which,  at  the  prices  then  ruling,  were  worth  considerably 
over  £70,000.     The  weekly  returns  are  these  : — 


December. 

January. 

February. 

Ldarch. 

1 

Boats.     Crans. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

Crans. 

»   • 

•   • 

•   • 

•    • 

307 

2,928 

127 

829 

46 

288 

290 

499 

210 

512 

253 

4,806 

186 

2,722 

310 

2,053 

185 

558 

267 

4,231 

202 

1,075 

364 

2,624 

302 

2,520 

? 

9,586 

•  • 

•   • 

19 

24 

.  * 

•   • 

•  • 

•  • 

4,085 

5,200 

6,518 

19,452 

The  summer  fishing,  up  to  the  end  of  July,  was  successful  on  the 
Ayrshire  coast  this  year,  especially  off  Girvan,  but  the  herrings  dis- 
appeared in  August ;  in  October  some  were  taken  in  the  middle  of  the 
Clyde,  and  at  the  end  of  the  month  at  Loch  Ryan  ;  in  November,  and  stQl 
more  in  December  the  takes  in  that  neighbourhood  increased,  and  it  is 
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Doted  iu  December,  that  the  chief  grounds  extended  to  twenty  miles  ofi 
Corsewall  Point.  In  January,  1881,  the  best  areas  continued  to  be  off 
Corsewali  Point  and  Loch  Ryan,  as  in  the  previous  year,  and  even  to  the 
Aouth  of  Corsewall.  In  February  the  precise  positions  where  the 
herrings  were  taken  are  not  specified,  but  ''  the  usual  grounds "  are 
referred  to,  and  by  far  the  largest  quantity  this  month  were  taken  by 
seines;  in  one  week  the  record  of  5540  crans  was  reached.  On  12th 
March  it  is  said  the  herrings  were  ^'  on  the  eve  of  spawning ''  and  were 
inferior;  on  19th  March  they  were  largely  spent  fish,  and  the  fishing 
closed  at  the  end  of  the  racnth.     The  weekly  particulars  are  as  follows : — 


December. 

January. 

February. 

March. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

Crans. 

171 
? 
130 

•    ■ 

910 
40 
20 

•    • 

290 
158 
407 
345 

2,125 

62 

120 

565 

335 
255 
297 
315 

793 

237 

2,740 

5,540 

256 
158 
180 
? 

452 
1.562 
1,489 
8,419 

970 

2,872 

9,310 

11,922 

The  aggregate  thus  amounted  to  25,074  crans.  The  summer  fishing  on 
the  coast  was  very  poor,  most  of  the  boats  going  to  Arran  and  Kilbrennau 
Sound.  At  the  beginning  of  November  herrings  were  taken  in  Loch  Kyan, 
but  heavy  storms  came  on  and  put  an  end  to  the  fishing ;  some  were  also 
got  there  in  December,  and  at  the  end  of  the  month  off  Ballantrae.  In 
January,  1882,  and  again  in  February  the  fishing  was  much  interrupted 
by  the  storms,  but  this  does  not  account  for  the  comparatively  small 
catches;  for  example,  108  boats  fishing  in  Loch  Ryan  for  a  night  at  the 
beginning  of  January  got  only  a  few  hundreds  of  herrings  amongst  them, 
and  three  weeks  later  236  boats  fishing  for  four  nights  took  altogether 
only  383  crans,  The  bulk  of  the  herrings  up  to  the  week  ended  11th 
February  were  landed  at  Stranraer,  and  presumably  taken  in  or  near 
Loch  Ryan  or  Corsewall  Point.  On  11th  March  a  gale  from  the  west 
came  on  and,  it  is  said,  dispersed  the  herrings,  and  the  fishing  came  to  a 
stop.  It  is  clear,  however,  that  the  shoals  this  year  were  very  much 
smaller.  The  quantity  taken  each  month  was  as  follows,  the  total  being 
8,886  crans : — 


December. 
178 


January. 
1,183 


February. 
6,188 


March. 
1,337 


The  summer  fishing  was  carried  on  during  May  and  June  mostly  on  the 
Ayrshire  coast,  especially  near  Girvan,  and  towards  the  end  of  June  and 
afterwards,  on  the  other  side  of  the  Firth,  in  Loch  Fyne  and  Kilbrennau 
Sound.  The  winter  fishing  commenced  on  8th  December,  near  Girvan, 
and  continued  there  and  also  at  Stranraer,  but  the  aggregate  for  the 
month  was  small.  In  January,  1883,  the  herrings  were  got  both  in  the  south 
and  the  north,  particularly  at  Lendal  Bay,  a  few  miles  north  of  the  spawning 
banks,  in  9-15  fathoms.     In  February  there  were  several  gales  which 
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interrapted  the  fiBbing,  but  in  the  week  ended  3rd  March  the 
extraordinary  quantity  of  16,060  crans  was  landed ;  the  catch  of  one 
pair  of  trawlers  611  ed  eight  "  skiffs "  or  fishing  boats,  and  another  boat 
sank  with  the  weight  of  herrings.  The  fishing  on  the  banks  was  by 
seines  as  well  as  trammels,  but  trammels  alone  were  used  towards  the 
end  of  the  fishing.  Tne  catches  gradually  declined,  and  none  were  taken 
after  24th  March.  The  aggregate  for  the  season  was  23,145  crans,  the 
details  being  as  follows : — 


December. 

Januaiy. 

February. 

March. 

Boats. 

Crans. 

Boats. 

Grans. 

Boats. 

Crana. 

Boats. 

Crans. 

•  • 

2 
21 
70 
93 

•   • 

2 

15 
32 
67 

98 
182 
330 
246 

•   • 

585 

796 

2,196 

120 

•   • 

262 

132 

10 

408 

.    a 

87 

327 

19 

1,333 

•  • 

320 

130 

48 

57 

•  • 

16,060 
774 
339 
393 

•  • 

116 

3,697 

1,766 

17,566 

The  summer  fishing  on  the  coast  was  not  important.  The  winter  fishing 
commenced  on  6th  December,  the  place  of  fishing  being  off  the  harbour 
of  Girvan,  but  little  was  got  during  the  month.  In  January  herrings 
were  found  at  Saltcoats  and  also  apparently  about  Loch  Ryan ;  at  the 
middle  of  the  month  they  were  chiefly  landed  at  Stranraer,  but  good 
takes  were  also  got  between  Ayr  and  Maidens.  The  greatest  quantity 
was  taken  in  February,  and  it  is  mentioned  that  in  March  one  seine  boat 
secured  408  crans  in  four  hauls  of  the  net  one  week,  which  sold  for 
jC599.  The  fishing  closed  later  than  usual,  on  2nd  April,  and  the  fishing- 
ground  at  the  end  of  March  was  Ardmillan  Bank,  three  miles  south  of 
Girvan.  The  total  catch  amounted  to  14,707  crans,  apportioned  as 
follows : — 


December. 
143 


January. 
2,813 


February. 
8,465 


March. 
3,280 


April. 
6 


Perhaps  to  the  total  should  be  added  238  crans  taken  on  Ballantrae 
Bank  by  trammel  nets  in  the  week  ended  15th  April.  The  summer 
fishing  was  more  successful  than  usual  on  the  Ayrshire  coast^  and  herrings 
were  got  north  of  Girvan  in  August,  but  after  that  most  of  the  fish 
landed  came  from  other  quarters,  as  Kilbrennan  Sound.  In  December 
some  herrings  were  caught  off  the  mouth  of  Loch  Ryan  as  well  as  within 
it,  and  others  at  the  Cumbraes,  the  latter  greatly  predominating  in  the 
last  week  of  the  year.  And  in  January,  1885,  mont  of  the  herrings  at 
first  taken  were  got  in  the  same  quarter ;  later  they  were  secured  between 
Girvan  and  Turnberry  Point,  to  the  northwards,  but  the  quantity  in 
January  was  inconsiderable.  In  the  middle  of  February  most  of  the 
catch  was  taken  on  the  north  bank  off  Ballantrae  by  seines,  and  in 
March  on  the  bank  by  the  same  method  of  fishing,  the  catch  in  the  week 
ended  14th  March  amounting  to  12,033  crans.     After  this  the  fishing 
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declined,  and  on  the  24th  the  trammels  were  clean  and  the  fishing 
stopped.  The  quantities  in  the  various  weeks,  the  total  amounting  to 
21,009  crans,  were  these : — 


December. 

January, 

February. 

March. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

Crans. 

*  • 

•   • 

6 

99 

189 

382 

271 

1,666 

16 

87 

•   • 

•   • 

395 

712 

289 

12,033 

•      • 

•      • 

94 

34 

325 

'  4,102 

160 

360 

66 

128 

128 

530 

120 

669 

35 

35 

•  • 

•  • 

84 

81 

. . 

•     • 

•   • 

. . 

416 

744 

5,755 

14,094 

The  fishing  in  summer  on  the  Ayrshire  coast  lasted  only  till  early 
in  July,  most  of  the  boats  going  to  Kilbrennan  Souud.  Ko  herrings 
were  landed  between  12th  September  and  the  week  ending  26th 
December,  when  227  crans  were  taken  by  38  boats  at  Girvan  and 
Maidens.  In  January,  1886,  the  weather  was  very  stormy,  and  the 
first  herrings  were  landed  on  the  9th,  but  only  a  few  crans ;  the  next 
were  taken  in  the  week  ended  23rd  by  drift-nets  on  Ballantrae  Bank, 
and  more  were  taken  there  in  the  following  week.  In  February  the 
fishing  was  slack,  owing  partly,  it  is  said,  to  the  low  prices  current ;  but 
that  the  herrings  were  scarce  this  season  was  shown  in  the  week  ended 
27th  February,  when  the  weather  was  fine,  and  285  boats  were  nightly 
at  sea,  while  the  catch  totalled  only  1121  crans.  The  fishing  closed  on 
24th  March,  and  was  the  poorest,  it  is  remarked,  since  it  commenced 
**  about  twelve  years  ago.''  The  sggregate  amounted  to  4987  crans, 
apportioned  as  follows : — 


December. 
227 


January. 
184 


February. 
2,224 


March. 
2,352 


The  summer  fishing  on  the  coast  was  unimportant.  In  December 
some  herrings  were  taken  at  Loch  Ryan,  but  the  fishing  fell  ofi*,  and  trials 
on  the  Ayrshire  coast  towards  the  end  of  the  month  were  without 
result.  In  January,  1887,  small  takes  were  got  off  Girvan  and  in 
the  neighbourhood,  but  there  was  no  *^  appearance "  of  herrings  on  the 
coast.  About  the  middle  of  February  the  herrings  were  caught  between 
Bennan  Head  and  Ballantrae  Bank,  and  in  the  week  ended  26th  on  the 
bank  itself.  Little  was  caught  until  the  week  ended  5th  March,  during 
which  the  weather  was  calm  and  summer-like,  when  5084  crans  were 
landed,  and  in  the  next  week  3707  crans.  The  officer  notes  that  there 
was  a  great  admixture  of  small  and  unmarketable  herrings  amongst 
those  taken,  especially  by  the  seine-net,  and  quantities  were  used  as 
manure.  The  season  closed  on  15tb  March,  the  aggregate  being  9913 
craris,  apportioned  as  follows : — 


December. 
87 


January. 
48 


February. 
754 


March. 
9,074 
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In    November  and  December  most  of  the  herrings  landed  were  taken  in 
Loch  Ryan  by  trammd-nets. 

In  January,  1888,  a  large  body  of  herrings  came  close  inshore  between 
Girvan  and  Turnberry,  but  they  did  not  stay  long.  In  February  most 
were  taken  by  seine  on  Ballantrae  Banks,  and  they  were  very  largely 
small  and  immature.  But  in  the  week  ended  3rd  March,  6786  crans  of 
large  and  excellent  herrings  were  caught  on  the  banks,  of  which  6024 
crans  were  got  by  seines  and  762  by  set-nets.  After  this  little  was  done, 
a  gale  closing  the  fishing  on  8th  March.  The  aggregate  was  9585  crans, 
as  follows :  — 


December. 
70 


January. 
450 


February. 
2,127 


March. 
6,938 


There  was  comparatively  little  fishing  on  the  coast  in  summer,  but  many 
herrings  were  taken  in  Luce  Bay.  The  winter  fishing  be^an  on  10th 
December  between  Duuure  Head  and  Ayr  Bay,  where  it  continued 
throughout  the  month,  principally  with  drift-nets. 

In  January,  1889,  the  fishing-place  was  chiefly  between  Girvan  and 
Turnberry  Point,  up  to  near  the  middle  of  the  month,  and  then  from 
three  to  six  miles  south  of  Girvan  and  close  to  the  shore.  The  first  part 
of  February  was  stormy,  and  little  was  caught ;  towards  the  end  of  the 
month  the  herrings  were  taken  on  Ballantrae  Banks  both  with  seines 
and  trammels,  and  they  were  of  a  good  size.  In  March  the  fishing  fell 
off,  and  gradually  came  to  a  close  on  15th  March.  The  quantity  for  the 
season  was  11,528  crans,  apportioned  as  follows  : — 


December. 
913 


January. 
875 


February. 
8.981 


March. 
759 


At  the  end  of  November  the  winter  fishing  commenced  off  Culzeau 
Castle,  north  of  Turnberry  Point ;  in  December  it  continued  in  the  sanio 
neighbourhood  between  Maidens  and  Dunure.  In  January,  1 890,  it  was 
in  the  same  region,  north  of  Turnberry,  till  the  close  of  the  month,  when 
the  herrings  were  taken  chiefly  between  Girvan  and  Turnberry  Point. 
In  the  first  week  of  February  the  principal  ground  was  Ballantrae 
Banks,  where  it  continued ;  on  the  22n(l,  large  numbers  of  haddocks 
were  caught  on  the  bank  by  the  seine-nets,  and  were  found  to  be  gorged 
with  herring  spawn.  The  fishing  closed  very  early,  on  4th  March,  the 
shoals  having  come  earlier  and  left  sooner.  The  aggregate  catch  was 
9264  crans,  the  weekly  particulars  bein^  as  follows  : — 


December. 

January. 

February. 

March. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

Orans. 

46 
62 
58 
30 

•   • 

442 

586 

18 

24 

•   • 

16 
41 
5 
12 
55 

17 
258 

•  • 

3 

18 

88 

93 

107 

163 

•   • 

419 
1,931 

559 
4,011 

•   • 

174 

■  • 

•  • 

•  • 

•  • 

978 

•  • 

•  • 

•  • 

•  • 

1,070 

296 

6,920 

978 
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Perhaps  the  catches  in  November  should  be  added,  which  would  bring 
the  total  up  to  9861  crans.  On  18th  November  a  trial  was  made  by 
eight  boats  off  the  Ayrshire  coast,  but  no  herrings  were  caught.  On 
27th  and  following  days  good  catches  were  secured  ofiF  Ayr  Heads,  in 
the  south  part  of  Ayr  Bay,  and  so  close  inshore  that  a  good  many  of  the 
drift-nets  were  torn  on  the  rocks.  The  fishiug  here  continued  through- 
out December  with  great  success ;  in  the  week  euded  20th,  5288  crans 
were  taken,  almost  entirely  by  seine-net,  off  Ayr  Harbour,  within  a  few 
hundred  yards  of  the  shore,  and  in  from  two  to  seven  fathoms  of  water. 
Towards  the  end  of  December  the  fishing  in  that  locality  came  to  a  sudden 
termination,  but  it  was  renewed  in  January  1891  off  the  Heads  of  Ayr; 
in  the  week  ended  10th  the  fishing  was  between  Ayr  and  Dunure  Head, 
but  the  shoal  began  to  move  south,  and  in  the  next  week  the  totals  fell 
to  32  crans.  After  this  the  weather  was  stormy  for  a  time.  The  fish- 
ing in  February  was  on  Ballantrae  Banks ;  in  the  first  week,  though  the 
weather  was  fine,  only  96  crans  were  taken,  and  in  the  second  week  only 
20  crans ;  in  the  week  ended  21st  February  4875  crans  were  landed, 
mostly  by  seines,  and  there  was  a  large  proportion  of  small  fish  among 
them,  and  then  the  fishing  came  to  an  abrupt  end,  no  herrings  being  got 
in  March.     The  weekly  particulars  are  these : — 


December. 

January. 

February. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

Crans. 

47 
139 
184 
132 

•   • 

637 
2,276 
5,288 

535 

•   • 

75 

144 

48 

•   • 

66 

247 

1,545 

32 

•   • 

30 

92 
124 
224 
225 

■   • 

96 
23 

4,875 
53 

•  • 

8,736 

1,854 

5,047 

The  total  was  thus  15,637  crans,  of  which  more  than  half  were  taken  in 
December.  If  the  catch  in  the  last  week  of  November  be  added,  the 
total  is  raised  to  16,111  crans. 

At  the  end  of  the  year  the  herrings  returned  to  Ayr  Bay,  but  they 
were  also  taken  in  Loch  Ryan,  as  they  had  been  to  some  extent  in  October. 
Most  were  got  off  Ayr,  and  the  fishing  in  Loch  Ryan  closed  in  the  first 
week  of  December.  During  December  the  fishing  was  off  Ayr  Heads 
and  neighbourhood.  In  January,  1892,  the  first  week  was  stormy,  and 
it  was  found  that  the  herrings  had  left  the  ground  ;  none  were  taken 
that  mouth,  and  there  was  no  '*  appearance  "  of  herrings.  It  was  not  till 
the  second  week  in  Febniary  that  they  were  again  found  on  Ballantrae 
Banks,  and  the  fishing  went  on  there  till  the  end  of  the  month,  without 
great  success,  and  there  were  large  numbers  of  small  unsaleable  herrings 
in  the  catches.  In  the  first  week  of  March  the  weather  was  fine,  and  65 
boats  landed  1572  crans,  of  which  1059  crans  were  caught  by  trammels, 
and  the  rest  by  seines.  The  fishing  closed  on  8th  March,  the  total  for 
the  season  being  6259  craus.     If  the  November  catch  be  added,  the 
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aggregate  will  be  increased  to  7223  crans.  The  monthly  quantities 
were  these : — 

December.  January.  February.         March. 

2,946  —  1,577  1,736 

In  May  and  June  herrings  were  got  in  fair  quantities  on  the  Ayrshire 
coast,  especially  between  Girvau  and  the  Heads  of  Ayr.  At  the  end  of 
December,  from  the  27th  to  the  29th,  herrings  were  again  got  on  the 
grounds  off  the  Heads  of  Ayr,  but  not  in  large  quantity,  and  the  shoal 
then  disappeared.  In  January,  1893,  no  herrings  were  landed,  trials  on 
the  usual  grounds  being  almost  or  quite  blank,  and  there  being  no 
"appearance"  of  shoals;  cod  were  also  scarce.  The  first  herrings  of 
the  season  were  landed  on  16th  February,  and  were  taken  on  Ballantrae 
Banks  ;  but  the  catches  were  small,  and  the  fishing  closed  at  the  end  of 
February,  the  trammels  being  "  clean.''  The  total  for  the  season  was 
only  519  crans,  landed  as  follows  : — 

December.  January.  February.  March. 

65  —  454  — 

The  summer  fishing  was  small,  and  no  herrings  were  lauded  after 
August,  the  shoals  having  failed  to  appear  at  the  end  of  the  year.  In 
January,  1894,  there  was  no  *' appearance  "  of  herrings  on  the  coast,  and 
no  herring  fishing.  The  first  herrings  of  the  season  were  landed  on  16th 
February,  when  three  crans  were  caught  at  Bennan  Head,  and  this  was 
the  total  for  the  month,  the  trammels  set  on  the  banks  being  practically 
'*  clean,"  only  a  few  hundreds  of  herrings  being  caught.  There  was  no 
"  appearance ''  on  the  banks  during  the  season.  In  the  week  ended  9th 
March  the  trammels  caught  nine  herrings;  but  on  the  16th  and  17th 
72  crans  were  taken,  and  this  represented  the  fishing  for  the  season,  none 
being  got  afterwards.    The  aggregate  was  thus  only  75  crans. 

December.  January.  February.  March. 

—  —  3  72 

There  was  a  tolerably  fair  fishing  up  to  August  ou  the  Ayrshire  coast, 
especially  about  Girvan  and  the  Heads  of  Ayr ;  but  no  herrings  were 
taken  in  the  closing  months  of  the  year. 

There  was  no  herring  fishing  in  January,  1895,  the  first  herrings 
being  landed  in  the  week  ended  16th  February,  and  they  were  caught  on 
the  coast  of  Arran,  about  Whiting  Bay,  it  being  believed  that  a  shoal 
was  moving  south  towards  Ballantrae.  In  the  week  ended  23rd  Feb- 
ruary 116  crans  of  mixed  sizes  were  taken  on  the  banks  by  seines  ;  bat 
tho  fishing  then  was  a  complete  blank  till  the  week  ended  9th  March, 
when  169  crans  were  landed.  After  this,  a  few  hundreds  of  crans  were 
taken  by  trammel-nets,  but  on  the  22nd  the  nets  were  "  clean,"  and  the 
fishing  ended.  The  total  for  the  season  amounted  to  1281  crans,  thas 
apportioned : — 

December.  January.  February.  March. 

—  —  117  1,164 

In  this  year  no  herrings  were  landed  after  1 7th  August. 

In  1896  no  herrinflrg  were  caught  in  January,  the  first  landed  being 
on  1 5th  February,  and  they  were  caught  at  the  south  end  of  Arran.  In 
the  week  ending  22nd  February,  194  crans  were  caught  off  Lendal  Bay, 
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half-way  between  Otrvan  and  the  Ballantrae  Banks ;  they  were  taken 
mostiy  by  seines,  aud  were  very  small  herrings,  from  eight  to  ten  inches 
in  length,  bringing  only  a  few  shillings  a  cran.  At  the  beginning  of 
March  the  banks  were  again  tried,  but  no  herrings  were  taken.  On 
14th  March  150  crans  were  got  on  the  banks,  spent  and  ripe,  but  so 
small  that  the  greater  part  were  unsaleable,  and  were  thrown  back  into 
the  sea.  The  fishing  closed  on  14th  March,  the  total  for  the  season 
being  344  crans,  of  which  194  were  taken  in  February  and  150  in 
March.     No  herrings  were  got  in  November  or  December. 

In  1897  the  first  herrings  were  taken  on  the  Ballantrae  Banks  in  the 
week  ended  20th  February,  those  caught  by  seines  being  small  and  un- 
marketable.    No  herrings  were  taken  in  the  closing  mouths  of  the  year. 

In  1898  the  winter  and  spring  fishing  was  again  a  failure,  only  30 
crans  being  landed,  but  the  ofiicer  gives  no  information  as  to  the  place  of 
fishing,  or  when  they  were  taken.  No  herrings  were  landed  after 
September. 

In  1899  the  winter  fishing  was  better,  the  total  being  1247  crans,  but 
no  particulars  are  given.  There  was  a  summer  fishing  of  small  impor- 
tance on  the  Ayrshire  coast,  and  in  November  and  part  of  December 
herrings  were  got  in  Loch  Ryan  and  neighbourhood. 

In  1900  the  first  herrings  were  landed  in  the  week  ended  17th* 
February,  and  they  were  taken  rather  to  the  south  of  Ballantrae 
Banks.  During  the  rest  of  the  month  and  in  March  herrings 
were  taken  of  very  fair  quality,  both  by  trammels  and  seines ;  in  the  week 
ended  10th,  2912  crans  were  secured  on  the  banks,  of  which  1746  were 
taken  by  the  seiners  and  1166  by  trammel -nets.  None  were  taken  after 
this,  and  the  total  for  the  season  amounted  to  4113  crans,  thus 
apportioned : — 

December.  January.  February.  March. 

190  —  449  3,664 

In  December  a  few  herrings  were  again  taken  in  Loch  flyan,  but  only  a 
few  crans. 

In  1901  no  herrings  were  landed  till  the  week  ended  9th  February. 
The  banks  had  been  visited,  but  there  was  no  "  appearance  "  of  herrings ; 
on  the  8th,  100  crans  were  secured  near  Tumberry.  In  the  week  ended 
16th,  1641  crans  were  got  by  seines  on  the  outer  edge  of  the  Ballantrae 
Banks,  and  the  fishing  continued  on  the  banks  till  the  week  ended 
23rd  March.  The  total  for  the  season  amounted  to  9395  crans,  as 
follows : — 


December. 

January. 

February. 

March. 

Boats. 

Crans. 

Boats. 

Crans. 

Boats. 

32 

70 
116 
118 

Crans. 

Boats. 

49 
66 
31 

•   • 

Ci-ans. 

■  • 

■  • 
•   • 

? 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

100 
1,641 
2,107 
1,804 

159 

3,205 

379 

•   • 

8 

•   • 

5,652 

3,743 

No  herrings  were  taken  in  December. 
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In  1902  the  fishing  commenced  on  10th  January,  when  14  crans  were 
taken  at  Dunare  and  Maidens  Bay,  and  during  the  rest  of  the  month 
there  was  a  good  fishing  hetween  Dunure  and  Tumherry,  the  total  for 
the  month  heing  3072  crans,  mid  the  herrings  were  caught  close  in  to  the 
shore.  In  the  first  part  of  February  the  fishing  was  pursued  in  the  same 
quarter,  and  south  as  far  as  Girvan,  but  drifters  also  caught  considerable 
quantities  between  Ballantrae  and  Corsewall  Point.  In  the  week  ended 
22nd  February,  most  of  the  herrings  were  got  about  Bennan  Head  and 
the  northern  end  of  the  protected  area,  and  this  was  also  the  case  in  the 
following  week.  The  fishing  came  to  an  abrupt  end  on  8th  March.  The 
total  for  the  season  was  6838  crans,  as  follows : — 

December.  January.  February.  March. 

—  2,450  3,072  1,316 

It  is  to  be  noted  that  this  was  the  first  season  in  which  the  bye-law  closing 
the  banks  to  seiners  caific  into  foi-ce,  and  this,  no  doubt,  reduced  the 
quantity  landed ;  but  it  appears  several  of  the  seine  boats  made  hauls 
within  the  area.  No  herrings  were  lauded  in  the  district  after  September. 
In  1903  the  herrings  were  caught  in  Ayr  Bay  and  to  Turnberry  Point, 
close  inshore,  from  January  10th  to  the  end  of  the  month  and  well  into 
February,  but  a  fair  fishing  was  also  secured  by  trammels  in  Loch  Ryan 
from  the  end  of  January  to  the  middle  ot  February.  On  21st  February 
it  was  reported  that  there  was  a  good  **  appearance ''  of  herrings  in  the 
vicinity  of  the  spawning  banks,  but  the  weather  came  on  stormy,  and 
very  little  was  secured,  the  herrings  leaving  on  14th  March.  The  total 
for  the  season  was  732  crans,  thus  apportioned : — 

December.  January.  February.  March. 

—  530  177  25 

No  herrings  were  landed  in  November  and  December,  according  to  the 
weekly  returns,  but  at  the  end  of  the  year  51  craus  are  added  as  having 
been  landed  between  3rd  October  and  26th  December. 

In  1904  the  fishing  began  in  the  week  ended  16th  January,  and  small 
quantities  of  herrings  were  taken  inshore  at  Dunure  and  Maidens. 
Towards  the  end  of  tiie  month  and  in  February  fair  takes  were  got  in 
Loch  Ryan ;  on  6th  February  a  good  "  appearance  "  was  reported  on  the 
banks,  but  little  was  taken,  the  total  for  the  season  being  875  crans,  as 
follows : — 

December.  January.  Febmary.  March. 

—  92  461  322 

It  also  appears  from  a  note  that  108^  crans  were  landed  between  let 
October  and  31st  December  this  year,  but  no  particulars  are  given. 

In  1905  there  are  unfortunately  no  particulars  given  as  to  the  course 
of  the  fishing.  It  is  only  stated  at  the  beginning  of  the  summer  fishing 
that  106  crans  had  been  landed  from  1st  January  to  27th  May.  There 
appears  also  to  have  been  a  good  fishing  towards  the  end  of  the  year, 
because  a  note  states  that  2881  crans  were  landed  between  Ist  October 
and  3 Ist  December,  but  there  is  no  information  as  to  the  months 
otherwise,  nor  as  to  the  localities  where  the  fishing  was  carried  on.  The 
total  for  the  whole  year,  including  the  summer  fishing,  was  4479  crans. 

The  fact  mentioned,  that  there  was  a  good  fishing  towards  the  close  of 
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the  year,  probably  indicated  that  the  shoala  were  returning  again  to  their 
old  grounds,  because  the  spring  fishing  in  1906  was  better.  In  January 
a  total  of  584  crans  were  landed,  but  nothing  is  said  as  to  the  quantities 
each  week,  or  as  to  the  place  of  fishing.  In  the  first  part  of  February  the 
fishing  was  apparently  mostly  about  Loch  Ryan ;  towards  the  end  of  the 
month,  and  in  March,  about  the  Ballantrae  Banks.  The  fishing  closed 
in  the  week  ended  24th  March,  the  total  for  the  three  montlis  being  as 
follows : — 


January. 
584 


February. 
183 


March. 
389 


For  the  reason  stated,  the  absence  of  information  as  to  December,  the 
total  for  the  season  cannot  be  given. 

At  the  end  of  1 906  a  very  good  fishing  was  obtained.  In  the  early 
part  of  November  good  takes  were  secured  near  Ayr,  and  later  in  the 
month  between  Girvan  and  Tumberry,  off  Girvan,  and  in  Loch  Ryan. 
In  December  the  fishing  continued  with  extraordinary  good  results  in 
Loch  Ryan,  but  also  between  Ayr  and  Dunnre,  and  at  the  middle  of  the 
month  a  good  ''appearance''  along  the  whole  coast  was  reported.  In 
January  the  fishing  fell  off  very  much,  and  the  herrings  left  Loch  Ryan. 
The  first  part  of  February  was  stormy  and  few  herrings  were  caught,  the 
boats  only  fishing  on  two  weeks  in  the  month.  March  was  also  very 
stormy,  and  comparatively  small  catches  were  got  on  the  spawning  banks, 
the  fishing  closing  in  the  last  week  of  the  month.  The  aggregate  for  the 
four  months,  December- March,  amounted  to  1 1,629  crans,  by  far  the  greater 
portion  being  got  in  December.  If  the  catches  in  November  are  added 
the  total  would  be  14,193  crans  j  but  it  is  stated  that  most  of  the  69  crans 
landed  in  the  first  week  of  November  were  caught  in  other  districts.  It 
is  to  be  noted  in  considering  the  monthly  totals  that  seiners  were  excluded 
from  the  banks  and  within  the  area  specified  in  the  bye-law  {see  p.  48) 
from  1 5th  January  to  the  end  of  March ;  and  in  former  years  seiners 
lauded  the  bulk  of  the  herrings.     The  weekly  particulars  are  these : — 


November. 

December. 

January. 

February. 

March. 

B()at«. 

• 

Crans. 

Boats. 

Crana. 

Boats. 

Crans. 

Boato. 

Crans. 

Boats. 

Crans. 

21 

69 

68 

1,768 

30 

186 

9 

7 

15 

58 

29 

454 

125 

1,499 

61 

133 

•  •  • 

•  •  • 

24 

391 

42 

266 

124 

4,911 

38 

13 

•  •  • 

•  •  • 

2 

•  •  • 

40 

612 

70 

2,017 

16 

5 

43 

535 

4 

106 

52 

1,163 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

2,564 

10,195 

337 

542 

555 

From  the  above  account  it  is  evident  that  the  fluctuations  in  the  winter 
and  spring  fishing  on  the  Ayrshire  coast  have  been  very  marked  over  the 
period  embraced  in  the  records.  Taking  the  mean  for  the  whole  period 
of  all  the  herrings  landed  in  the  district,  the  yield  in  the  years  1863- 
1874  was  below  the  average ;  it  was  also  below  the  average  in  the  years 
1892-1905,  with  the  slight  exception  of  1901.  It  was  above  the  average 
in  the  period  1877-1891,  with  the  slight  exception  of  1886,  and  it  was 
again  above  the  average  in  1906-1907.     By  far  the  greater  quantity  of 
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herrings  is  taken  in  the  winter  and  spring  fishing,  and  the  curve  for  the 
whole  year  represents  the  yield  of  this  fishing  and  its  flnctuations  very 
well.  Judging  from  the  curve  (Plate  III.),  it  is  not  improbable  that 
the  fishing  during  the  next  few  years  will  be  successful 

From  the  particulars  as  to  the  place  of  fishing,  it  would  appear  that  in 
some  years  the  predominant  shoali3  approach  the  spawning  grounds  from 
the  northwards,  and  in  other  years  from  the  south  :  in  still  other  years 
apparently  from  both  directions,  but  full  particulars  are  sometimes 
lacking.  Thus,  in  the  period  1865-1867  the  shoals  came  from  the  north, 
as  they  did  also  in  1878,  1883,  1886,  and  in  the  period  1887-1891,  and 
again  in  1902  and  1903.  They  approached  from  the  south  in  1879-1882, 
apparently  in  1904,  and  again  last  year.  No  doubt  the  banks  off  the 
coast  are  the  spawning  grounds  for  shoals  of  herrings  that  come  from 
various  quarters,  and  it  may  be  from  the  Irish  coast,  which  is  only  some 
25  miles  distant,  and  therefore  much  nearer  than  Loch  Fyne.  But 
in  all  probability  the  bulk  of  the  herrings  come  usually  from  the  Firth 
of  Clyde. 

GampbeUowu  District, 

This  district  was  formed  in  1863,  having  previously  been  included  in 
the  district  of  Inveraray.  It  extends  from  Skipness  Point  down  the  eastern 
side  of  the  peninsula  of  Kintyre,  round  the  Mull,  and  along  the  western 
coast  of  the  peninsula  to  Tayinloan,  opposite  the  island  of  Gigha.  It 
includes  that  island  and  also  the  islands  of  Islay,  Jura,  and  Colonsay,  iu 
the  first  named  of  which  an  important  herring  fishery  is  carried  on  iu 
some  years.  The  statistics  dealt  with  here  are,  however,  practically  con- 
fined to  the  herrings  caught  within  the  Mull  of  Kintyre — that  is  to  say, 
within  the  Firth  of  Clyde.  In  1906  there  were  in  the  district  358  fish- 
ing boats  and  752  resident  fishermen  and  boys,  of  which  159  boats  and 
475  fishermen  l>eloiiged  to  the  part  of  the  coast  from  SkipneFS  Point  to 
Sanda  Island,  most  of  them  being  at  the  town  of  Campbeltown. 

In  the  period  1863-1906,  the  gross  quantity  of  herrings  taken,  and  all 
practically  in  the  Firth  of  Clyde,  was  910,718  crans,  or  about  3,187,500 
cwts.,  the  general  annual  average  being  20,698  crans.  In  the  first 
twenty-two  years,  1863-1884,  the  gross  quantity  landed  was  317,939 
crans,  giving  a  general  annual  average  of  14,452  crans.  In  the  last 
twenty-two  years,  1885-1906,  the  aggregate  quantity  landed  was  592,779 
crans,  the  general  annual  average  being  26,944  crans.  In  this  district, 
therefore,  the  quantity  of  herrings  taken  very  considerably  increased  in 
the  second  half  of  the  period. 

Qrouping  the  returns  in  ten-yearly  periods,  the  mean  catch  per  annum 
in  each  period  was  as  follows : — 


1857-66     . 

2,346  crans. 

1887-96 

.     26,158  crana. 

1867-76 

8,185     ,, 

1897-1906     . 

.     26,503      „ 

1877-86     . 

.     29,286     „ 

The  first  period  embraces  only  four  years,  1863-1866.  When  the 
returns  are  arranged  in  five-yearly  periods,  the  resultant  annual  average 
in  each  period  is  as  follows : — 


1862-66     . 

2,346  crans. 

1887-91 

.     34,852  crans 

1867-71     . 

4,958      „ 

1892-96 

.     17,465      „ 

1872-76     . 

.     11,413      „ 

1897-1901     . 

.     30,365      „ 

1877-81      . 

.     22,612      „ 

1902-06 

.     22,642      „ 

1882-86     . 

.     35,961      „ 
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The  most  productive  period  was  thus  1882  to  1891,  but  an  exa^ninatioii 
of  the  table  showing  the  annual  yield  (p.  118),  or  the  diagram  of  the  same, 
shows  that  there  were  two  great  periods  of  abundance,  viz.,  from  1879  to 
1891,  and  from  1899  to  1903.  The  extent  of  the  fluctuations  in  the 
annnal  yield  was  from  1732  crans  in  1868  to  43,609  crans  in  1882  and 
43,535  crans  in  1887.  The  catch  in  1906  (11,070  crans)  was  the 
lowest  since  1878. 

The  great  area  of  fishing  in  the  Campbeltown  district  is  the  Sound  of 
Kilbrennan,  an  arm  of  the  sea  extending  between  the  island  of  Arran 
and  the  peninsula  of  Kintyre,  in  a  north  and  south  direction,  and  having 
deep  water — at  some  places  over  80  fathoms.  At  the  north  end  it  opens 
into  the  area  called  the  Inchmarnock  waters,  between  Bute,  Arran,  and 
the  mouth  of  Loch  Fyne.  It  is  up  this  stretch  of  water  that  the  shoals 
of  herrings  often  pass  to  the  higher  reaches,  as  Loch  Fyne ;  but  it  would 
be  wrong  to  consider  the  Sound  merely  as  a  passage- way  to  the 
northern  waters,  because  dense  shoals  of  herrings  may  be  found  in  it 
throughout  most  of  the  year. 

In  the  early  years  for  which  statistics  exist  the  fishing  in  the  district 
was  comparatively  poor.  Thus  for  the  years  1863-1868  the  annual 
average  was  only  2192  crans,  the  highest  yield  being  2851  crans,  in 
1864.  Particulars  as  to  the  place  of  fishing  in  those  years  are  scanty, 
but  it  appears  that  the  fishing  was  carried  on  chiefly  in  the  neighbourhood 
of  Campbeltown,  and  almost  exclusively  there  in  the  early  part  of  each 
season,  the  grounds  extending  to  the  south  end  of  Arran.  As  th«)  season 
advanced  herrings  were  also  taken  up  the  Sound  in  the  vicinity  of 
Carradale,  but  by  no  means  the  bulk  of  the  catch,  and  it  is  evident  that 
in  none  of  the  years  did  a  large  body  of  herrings  make  its  way  up  Kil- 
brennan Sound,  or  at  least  form  the  object  of  fishing  there.  Seining 
began  in  1867,  but  it  was  not  effective. 

In  1869  and  1870  the  catch  was  considerably  greater,  but  it  fell  a 
little  in  1871.  The  average  for  the  three  years  was  7006  crans.  In 
June,  1869,  contrary  to  what  occurred  in  the  preceding  years,  most  of 
the  herrings  were  got  near  Carradale,  or  landed  there,  and  there  was 
said  to  be  a  good  fishing  all  th?  way  from  Campbeltown  to  Skipness  at 
the  north  end  of  the  Sound.  Thus  in  June,  1868,  214  crans  were  landed 
at  Campbeltown  and  139  crans  at  Carradale,  while  in  June,  1869,  there 
were  410  crans  landed  at  Campbeltown  and  695  at  Carradale,  about  ten 
miles  farther  up  the  Sound.  During  the  rest  of  the  summer  the  shoals 
were  chiefly  about  Carradale,  and  the  drift-net  was  much  more  successful 
than  the  seine.  The  fishing  closed  on  9th  October,  the  boats  leaving  for 
Greenock  district.     The  total  for  the  year  was  7446  crans. 

In  1870,  the  principal  grounds  were  again  about  Carradale,  and 
between  it  and  the  Arran  coast,  and  drift-nets  were  chiefly  used.  At  the 
end  of  September  most  of  the  boats  were  fishing  at  Loch  Ranza,  at  the 
north  end  of  Arran,  the  shoals  having  apparently  "  moved  up  towards 
Bute."  During  the  rest  of  the  year  the  fishing  continued  in  this  locality 
and  also  about  Carradale.  The  fishing  closed  on  19th  November,  the 
total  for  the  year  being  8509  crans. 

In  1871,  by  far  the  greater  part  of  the  herrings  taken  in  June  were 
caught  in  the  vicinity  of  Campbeltown.  On  the  8th  July,  it  is  remarked 
that  there  was  not  much  "  appearance"  of  herrings  near  Campbeltown, 
but  there  was  said  to  be  a  great  body  of  herrings  down  at  the  Mull  of 
Kintyre.  During  July,  August,  and  September  the  best  fishing 
was  got  about  Carradale,  and  also  in  October,  extending  up  to 
Skipness.  The  fishing  closed  on  2l8t  October,  the  aggregate  being 
5063  crans. 
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The  quantities  taken  in  the  yarioafi  months  of  the  two  groups  of  years 
were  as  follows : — 

June.     July.  August.  Septemper.  October.  November. 

1863-68  ..   2,770    6,486     3,406  489  1^  — 

1869-71    ..  3,962     6,951     7,616       2,473  893  124 

In  the  years  1872-1874  the  catches  were  above  the  average,  the  mean 
for  the  three  years  being  16,574  crans,  and  they  were  singularly  uniform 
as  to  the  gro?s  quantity  in  each  year.  In  these  jears,  it  may  be  hare 
noted,  the  takes  in  Loch  Fyne  were  abnormally  low. 

In  1872,  the  catch  in  June  was  comparatively  small,  and  about  equal 
quantities  were  landed  at  Campbeltown  and  Carradale ;  in  July  the  fishing 
greatly  improved,  most  of  the  herrings  being  taken  about  Carradale ; 
in  August  it  was  also  good,  the  fishing  now  extending  up  the  Sound 
of  Kilbrennan  to  Skipnoss  ;  in  September  the  grounds  were  the  same, 
herrings  being  also  taken  near  Campbeltown  ;  and  the  fishing  closed  in 
October,  in  the  week  ended  26th,  with  an  aggregate  of  15,432  crans. 

In  1873,  the  fishing  in  June  was  light,  mostly  in  the  lower  reaches 
of  Kilbrennan  Sound,  near  Campbeltown,  and  Carradale,  but  also  to 
the  south  of  the  island  of  Sanda,  near  the  Mull  of  Kin  tyre.  In 
August  the  fishing  was  chiefly  in  the  Sound  of  Kilbrennan'  up  to 
Skipness  Point ;  it  was  the  same  in  September  and  October.  On  the 
18th  October  it  was  noted  that  herrings  wore  abundant  all  along  the 
western  coast  of  Arran  down  to  Pladda  and  up  the  Sound,  between 
Carradale  and  Skipness.  The  fishing  fell  off  afterwards,  and  it  closed  on 
26th  October,  the  total  for  the  year  being  15,891  craus. 

In  1874,  the  Officer  reported  on  18th  June  that  there  wns  a  good 
''appearance"  of  herrings  at  the  Mull  of  Kintyre  and  all  over  the 
channel  of  the  Firth  of  Clyde.  In  June  the  fishing  was  mainly  in  the 
lower  reaches  of  Kilbrennan  Sound,  especially  about  Carradale  and 
Campbeltown ;  in  July  the  chief  grounds  were  between  Campbeltown 
and  Carradale,  but  also  all  along  the  Sound  between  Campbeltown 
and  Skipness.  In  August  and  September  it  was  the  same ;  in  October 
the  herrings  were  mostly  found  south  and  west  of  Carradale  and  towards 
the  Arran  shore.  The  fishing  was  continued  in  November,  herrings 
being  caught  south-east  of  Davaar  island,  at  the  entrance  to  Campbeltown 
harbour,  and  it  was  reported  that  there  were  still  plenty  of  herrings  in 
the  channel  south  of  Arran.  The  fishing  closed  on  14th  November,  the 
Aggi^gAte  for  the  year  being  15,400  crans.  As  mentioned  below, 
however,  it  appears  that  484  barrels  or  craus  were  landed  in  the  spring 
fishing  of  this  year,  which  were  not  included  in  the  totals.  The 
quantities  taken  in  the  various  months  in  the  three  years  were  as 
follows . — 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1872 

..  286 

4,245 

4,381 

4,225 

2,295 

1873 

. .  711 

6,286 

4,106 

3,502 

1,286 

1874 

. .  1,258 

5,263 

3,719 

3,076 

1,467 

617 

2,255       15,794       12,206       10,803         5,048       617 

The  four  following  years — 1875-1878 — were  much  under  the  average, 
the  lowest  being  1875,  when  the  yield  was  only  3064  crans,  and  the  b^t 
1877,  when  the  aggregate  was  12,081  crans.  The  average  for  the  foor 
years  was  7876  crans. 
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In  1875  the  fishing  in  June  was  probably  far  down  the  Sound,  in  the 
neighbourhood  of  Campbeltown,  since  255  crans  were  landed  there  as 
against  1 82  crans  at  Carradale,  whereas  in  the  previous  year  682  were 
landed  at  Carradale  as  a«;ainst  470  at  Campbeltown.  In  July  the  best 
ground  was  in  the  vicinity  of  Skipuess  Point ;  in  August  and  September 
the  Sound  of  Kilbrennan  is  given ;  towards  the  end  of  September  the 
weather  became  boisterous,  and  the  fishing  closed  in  the  week  ended  9th 
October. 

In  1876,  the  grounds  are  not  mentioned  in  the  records  for  June,  but 
more  herrings  were  landed  at  Carradale  than  at  Campbeltown  ;  in  July  the 
fishing  was  apparently  chiefly  in  Kilbrennan  Sound ;  in  August  mostly 
the  Arran  side  of  the  Sound  was  productive  ;  in  September  fishing  went 
on  from  Carradale  to  Skipness,  and  at  Loch  Ranza,  in  the  north  of  Arran, 
and  it  closed  on  7th  October,  when  the  aggregate  was  7275  crans. 

In  1 877,  the  fishing  grounds  in  June  are  not  stated,  and  almost  as 
large  a  quantity  was  landed  at  Campbeltown  as  at  Carradale.  In  July 
the  fishing  was  in  Kilbrennan  Sound,  particularly  about  Carradale ;  in 
August  and  September  it  was  all  over  the  Sound,  and  the  season  ended 
on  October  6th.  The  total  was  12,081  crans,  more  than  half  of  which 
was  taken  in  August. 

The  fishing  in  June,  1878,  was  chiefly  about  Carradale  and  Machrie 
Bay,  and  also  with  drift-nets  at  the  south  end  of  Arran  ;  in  July  and 
August  it  was  in  Kilbrennan  Sound,  from  Campbeltown  as  far  as 
Skipness,  but  early  in  September  the  fishing  fell  off,  and  it  ended  for  the 
season  in  the  week  ended  14th  September,  with  an  aggregate  of  9085 
crans.  In  those  four  years  the  aggregate  quantity  lauded  in  each  of  the 
months  was  as  follows : — 

June.  July.  August.  September.  October. 

4,523         10,284  12,987  2,848  64 

The  year  1879  was  high  above  the  average,  the  total  quantity  of 
herrings  landed  being  33,980  crans.  The  firat  entry  in  the  records  is 
dated  31st  May,  and  it  states  that  "  the  total  catch  from  1st  January  to 
25th  May  is  3200  crans,  and  duriug  last  week  276  crans,  making  a  total 
for  the  season  of  3476  crans.  Only  in  April  and  May  were  any  herrings 
got.''  The  Officer  also  states  that  the  spring  herring  fishery  had  been 
the  best  on  record.  He  says  he  found  nothing  recorded  for  the  spring 
fishery  before  1871,  and  he  gives  the  following  as  the  number  of  barrels 
or  crans  taken  in  the  spring  fishery  of  the  succeeding  yeara : — 


1871 

20  crans. 

1876 

1,667  crans. 

1872 

, ,    — 

1877 

536   „ 

1873 

1878 

952   „ 

1874 

^   484   „ 

1879 

.   3,476   „ 

1875 

430  .. 

These  quantities  fall  to  be  added  to  the  totals  above  given  for  the 
yean  in  question,  from  the  weekly  records  of  which  they  are  absent. 

It  is  not  stated  where  the  fishing  grounds  were  in  April  and  May, 
when  the  herrings  referred  to  were  caught,  but  in  the  last  week  of  May 
they  extended  between  Carradale  and  Skipness,  an  unusual  circumstance 
at  that  period  of  the  year,  and  none  were  got  at  Campbeltown. 
Probably,  therefore,  the  herrings  this  year  made  their  appearance  at  an 
earlier  date.  In  Jane  the  fishing  was  all  over  the  Sound  of  Kilbrennan, 
principally  near  Carradale  and  Skipness,  also  in  Machrie  Bay,  and  some 
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drifters  fished  near  Campbeltown.  In  July  the  fishing  was  also  all  over 
the  Sound,  there  being  a  great  '* spread"  of  herrings,  and  drifters  were 
more  successful  than  seiners.  The  quality  of  the  herrings,  it  was  said, 
was  better  than  for  years.  In  August  the  quality  of  the  herrings  was 
"  splendid,"  and  no  better  fish  were  ever  seen  in  tne  district.  During 
this  month  and  in  September  and  October  the  fishing  was  still  all  over 
the  Sound.  On  1st  November  the  Sound  is  described  as  still  teeming 
with  herrings,  and  boats  came  in  great  numbers  from  other  districts.  On 
13th  November  it  is  reported  that  the  fishing  was  between  Campbeltown 
and  Carradale,  and  that  herrings  were  very  abundant  in  the  vicinity  of 
Campbeltown.  In  the  following  week  herrings  were  got  in  Campbeltown 
Loch  and  in  Carradale  Bay,  and  also  betwet^n  Arran  and  Kintyre.  At  the 
end  of  November  the  fishing  fell  off,  but  herrings  continued  to  be  caught 
near  Campbeltown  and  Carradale  till  the  second  week  in  December,  when 
the  fishing  closed.  The  quantities  taken  in  each  month,  as  far  as 
recorded,  were  as  follows : — 

April  and  May.     June.     July.     Aug.       Sept.       Oct.       Nov.       Dec. 
3,476  1,127     5,131    3,781      4,172     8,646      7,526      121 

In  1880  the  spring  fishing  up  to  22nd  May  yielded  5090  crans.  The 
Officer  states  that  the  first  herrings  were  got  on  24th  Fe>)ruary ;  very 
few  were  landed  in  March  ;  April  was  better;  and  in  May,  especially 
about  the  middle  of  it,  the  fishing  was  unprecedentedly  successful. 
Nothing  is  said  as  to  where  the  herrings  were  captured.  In  June  and 
July  the  herrings  were  taken  in  the  Sound  between  Campbeltown  and 
Skipness,  drifters  and  seiners  being  equally  successful.  On  August  7th 
the  Sound  was  described  as  swarming  with  herrings ;  in  September  the 
fishing  fell  off,  the  grounds  still  being  from  Campbeltown  to  Skipness, 
and  towards  the  end  of  the  month  chiefly  near  Carradale  apparently.  In 
October  the  grounds  continued  the  same,  but  drifters  were  less  successful, 
as  the  herrings  lay  deeper,  and  the  buoy  ropes  had  to  be  let  down  from 
12  to  20  fathoms  before  any  herrings  were  secured.  In  November  the 
fishing  was  all  over  Kilbrennan  Sound ;  at  the  beginning  of  December  it 
was  chiefly  about  Carradale  and  the  vicinity  of  Isle  Ross ;  in  the 
second  week,  chiefly  about  Clonaig,  Crossaig,  and  Skipness,  in  the  upper 
reaches  of  the  Sound ;  in  the  week  ended  18th  it  was  mainly  about 
Carradale  and  Isle  Ross,  and  in  the  next  week  between  Campbeltown 
and  the  south  end  of  Arran ;  while  a  good  "  appearance "  was  still 
reported  in  Kilbrennan  Sound.  The  total  for  the  year  amounted  to 
37,520  crans,  apportioned  as  follows  : — 

24  Feb.-29  May.     June.     July.     Aug.      Sept.      Oct.      Nov.      Dec. 
5,120  2,330    12,073   5,426     2,579     2,584     2,625    4,783 

In  1881  the  aggregate  for  the  year  fell  to  20,393  crans.  The  quantity 
taken  up  to  the  end  of  May  was  1280  crans ;  no  particulars  are  given  as 
to  the  months  or  the  place  of  capture.  In  June  most  herrings  were  got 
in  the  lower  part  of  the  Sound,  but  the  fishing  went  on  also  between 
Carradale  and  Skipness ;  2345  crans  were  landed  at  Campbeltown  and 
886  at  Carradale,  while  in  June,  1880,  1232  crans  were  landed  at 
Campbeltown  and  1098  at  Carradale.  In  July  the  grounds  were 
chiefly  on  the  west  side  of  the  Sound,  towards  Campbeltown 
and  about  Carradale ;  at  the  end  of  August  principally  about  Skipness. 
The  fishing  fell  off  in  September,  and  continued  light  till  the  end  of 
October.     In  November  the  herrings  were  secured  in  the  upper  reaches 


of  the  Fishery  Board  for  Scotland,  67 

of  Kilbrennan  Sound,  more  especially  abiut  Cour  Bay  and  between  that 
and  Skipnesfl'.  In  December  very  good  catches  were  got,  and  the  fishing 
waff  mainly  about  Garradale.  The  quantities  in  the  various  months 
were : — 

To  end  May.      June.      July.      Aug.       Seipt.       Oct.       Nov.       Dec. 
1,280  3,378     6,599      3,967      1,048       440       1,043     2,638 

In  1882  the  largest  quantity  recorded  was  landed,  the  total  being 
43,609  crans.  No  particulars  are  given  as  to  the  catch  up  to  31st  May, 
except  that  the  quantity  was  2249  crans.  In  June  the  fishing  was  for  the 
most  partinthe  neighbourhood  of  Carradale  and  Campbeltown,  the  quantity 
landed  at  the  former  place,  as  far  as  specified,  being  4586  crans,  while 
2298  crans  were  landed  at  Campbeltown.  In  July  the  grounds  extended 
from  Campbeltown  up  to  and  beyond  Garradale,  and  towards  the  end  of 
the  month  up  to  Skipness,  where  some  of  the  seiners  made  heavy  catches  ; 
it  is  mentioned  in  the  week  ended  29th  July  that  one  seining  crew 
earned  £450  in  three  nights,  and  another  £200  in  one  night.  In  August 
the  fishing  extended  from  Campbeltown  to  Skipness ;  in  September  it 
was  the  same,  but  mostly  from  Carradale  to  Skipness  ;  on  21st  October 
the  upper  parts  of  the  Sound  were  described  as  swarming  with  herrings. 
The  last  herrings  were  landed  in  the  week  ended  28th  October ;  after 
this  the  weather  was  unsettled,  and  trials  made  were  unsuccessful,  and 
it  was  reported  in  November  and  again  in  December  that  the 
''appearance*'  of  herrings  had  gone.  The  quantities  in  the  various 
months  were : — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 
2,249  7,329     12,415    10,357     5,339     5,920        —  — 

In  1883  the  catch  amounted  to  36,465  crans,  of  which  1859  were 
were  taken  up  to  31st  May.  In  June  the  fishing  extended  from 
Campbeltown  to  Skipness,  and  it  so  continued  in  July,  August,  and 
September,  in  the  latter  mouth  especially  from  Carradale  up  to  Skipness 
Point.  In  October  it  was  the  same,  and  towards  the  end  of  the  month 
and  in  the  early  part  of  November,  mostly  about  Carradale  ;  then  (10th 
November)  mostly  from  Carradale  to  Campbeltown,  and  later  about 
Campbeltown.  At  the  beginning  of  December  the  fishing  was  farther 
seawards  on  the  south-east  side  of  the  Sound,  and  it  came  to  an  end  on 
8th  December;  trials  made  in  the  week  ended  22nd  December  were 
unsuccessful.     The  particulars  for  the  months  are  these : — 

To  end  May.      «fune.      July.      Aug.*      Sept.       Oct.       Nov.       Dec. 
1,859  3,267      5,980     7,695      3,312     7,122     5,751      1,479 

The  quantity  taken  up  to  31st  May  in  1884  was  1766  crans.  In 
June  the  fishing  was  mostly  in  the  vicinity  of  Campbeltown  and 
Carradale,  but  also  all  over  the  Sound,  and  at  Cour.  In  July  it  was 
mainly  between  Campbeltown  and  Carradale,  but  also  up  to  Skipness ;  in 
August  it  was  all  over  the  Sound,  and  at  the  end  of  the  month  especially 
from  Cour  to  Saddell  and  in  Machrie  Bay ;  in  September  from  Skipness 
to  Saddell ;  in  October  it  was  the  same,  as  well  as  off  Arran,  in  the 
vicinity  of  Pimmill,  and  towards  the  end  of  the  month  heavy  catches 
were  got  near  Carradale.  In  November  the  fishing  was  mainly  off 
Carradale  and  also  at  Campbeltown,  and  the  season  ended  on  29th 
November,  the  boats  leaving  for  the  Ayrshire  coast,  where  there  was  a 


68  PaH  III — TtoefUy-fifik  Annual  Bepari 

good  fishing  reportocL  The  aggregate  for  the  year  was  33,572  crana,  thus 
apportioned : — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 
1,756  2,363      8,672     6,799      926       9,664     4,393       — 

In  1885  the  aggregate  was  36,812  crana,  of  which  2363  crana  were 
caaght  before  3l8t  May,  time  and  place  unspecified.  In  June  the  fishing 
extended  from  Campbeltown  to  Skipnesa,  the  seiners,  as  usual,  woricing 
mostly  in  the  upper  waters,  which  are  narrow,  and  the  drifters  in  the 
lower  reaches  and  near  Campbeltown.  In  July  the  fishing  was  chiefly 
between  Skipness  and  Saddell,  and  on  the  Arran  side  in  Machrie  Bay 
and  between  Pimmill  and  Brown  Head,  towards  Pladda.  In  August, 
on  the  west  side  of  the  Sound,  it  was  mainly  between  Skipness  and  Isle 
Boss,  and  on  the  Arran  aide  at  Blackwater  and  Machrie  Bay ;  in  Sep- 
tember it  was  chiefly  from  Skipness  to  Saddell,  but  also  to  the  souUi  end 
of  Arran ;  in  October  it  was  on  both  sides  of  the  Sound,  especially  about 
Carradale  and  Machrie  Bay,  and  the  herrings  were  said  to  be  of  prime 
quality.  Towards  the  end  of  the  month  the  best  catches  were  got  in  the 
lower  reaches  and  at  Carradale,  and  the  fiahing  closed  on  24th  October. 
Trials  made  after  that  were  unsuccessful.  The  quantities  in  the  various 
months  were : — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 
2,363  2,528     7,839     6,279     8,922     8,911        —         — 

Up  to  31st  May,  1886,  4607  crans  were  landed.  It  is  recorded  that 
the  "  spread  "  of  herrings  was  sometimes  very  great  over  Kilbrennan 
Sound,  and  that  the  chief  fishing  places  were  the  entrance  to  Campbel- 
town Loch,  near  the  Isle  Boss,  and  Carradale,  and  "  latterly"  about  Skip* 
ness.  The  fishing  was  chiefly  in  April.  The  fishing  in  June  was  about 
Carradale  and  Isle  Boss  and  near  Campbeltown;  in  July  about 
Campbeltown,  the  lower  reaches  of  the  Sound,  south  of  Arran,  near 
Carradale,  and  Coar ;  in  August  all  over  the  Sound  on  both  sides ;  in 
September  mostly  in  Carrad^de  sud  Machrie  Bay.  In  the  earlier  part  of 
October  herrings  were  taken  in  the  upper  parts  of  the  Sound,  near 
Crossaig  and  Cour,  between  Campbeltown  and  Arran,  Machrie  Bay,  and 
also  near  Pladda ;  at  the  end  of  the  month  mostly  about  Carradale  and 
Campbeltown  and  south  of  Arran ;  in  November  the  fishing  was 
near  Carradale  and  in  Machrie  Bay,  also  off  Davaar  Island  and  on  the 
south-west  coast  of  Arran.  In  December  it  was  mainly  about  Carradale 
and  from  Carradale  to  Saddell  and  Machrie  Bay,  and  the  season  closed 
on  18th  December.  The  total  for  the  year  was  29,318  crans,  apportioned 
as  follows : — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 
4,607  2,076     2,684     4,319      2,684     2,045     3,114     7,790 

In  the  closing  week  5350  crans  were  lauded,  taken  between  Saddell  and 
Isle  Ross  and  in  Machrie  Bay,  and  the  quality  of  the  herrings  was 
superior. 

In  1887  the  aggregate  amounted  to  43,535  crans,  of  which  6210  crans 
were  taken  before  the  end  of  May.  In  the  Officer's  published  report* 
it  is  said  that  fishing  took  place  in  every  month  of  the  year,  and  tliat 
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herrings  were  found  in  great  abundance  in  Kilbrennan  Sound  in  spring 
and  summer.  In  June  the  fishing  was  not  very  successful ;  the  grounds 
were  in  the  mid-channel  of  the  Clyde  and  from  Sanda  Island  to 
Carradale,  and  it  is  noted  that  herrings  were  scarce  in  the  Sound ;  later  in 
the  month  they  were  got  from  Campbeltown  to  Carradale  and  at  Cour 
Bay.  In  the  early  part  of  July  they  were  caught  near  Sanda,  in  the 
channel  of  the  Clyde,  and  in  the  Sound ;  about  the  middle  of  the  month, 
chiefly  in  the  Sound,  from  Campbeltown  to  Carradale,  and  near  Cour 
and  Skipness.  In  August  the  fishing  was  on  both  sides  of  the  Sound, 
from  Skipness  to  Carradale,  and  principally  between  Cour  and  Carradale ; 
in  September  Carradale,  Machrie  Bay,  and  Cour  were  the  chief  localities, 
and  at  the  end  of  the  month  between  Carradale  and  Arran.  In  October 
the  fishing  was  mo^stly  near  Carradale  and  in  the  lower  reaches  of  the 
Sound,  and  at  the  end  of  the  month  near  Brown  Head,  Arran,  and 
southwards.  In  November  it  was  also  mainly  in  the  lower  reaches,  at 
Machrie  Bay,  and  then  between  Isle  Koss  and  Carradale.  In  the  early 
part  of  December  it  extended  from  Isle  Ross  to  Crossaig  and  near  Arran  ; 
then  (week  ended  lOlh)  between  Isle  Rcms  and  Davaar,  and  the  lower 
reaches  near  Arran,  and  the  fishing  closed  on  the  24th  December  at 
Machrie  Bay.     The  aggregate  was  thus  apportioned  : — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 
6,210  1,263     4,470i    3,330^   10,173     3,306    10,669    4,113 

The  quantity  taken  in  1888  up  to  the  end  of  May  was  very  large, 
viz.,  10,884  crans.  The  Officer  notes  that  the  fishing  was  very  success- 
ful in  January  and  February,  while  from  March  to  the  end  of  May  the 
catch  was  small.  There  is,  however,  some  doubt  as  to  whether  the 
whole  of  the  herrings  were  taken  in  the  Clyde  area,  for  the  fishing  at 
Islay  had  started  in  1886,  and  was  very  successful  in  1888,  aud  it  is 
possible  that  some  of  the  herrings  were  taken  there,  but  there  is  no 
information  bearing  on  the  point.  In  June  the  fishing  was  at  Davaar 
and  Sanda,  and  also  at  Campbeltown  and  Carradale,  aud  it  was  not  very 
successful.  In  July  it  was  at  first  in  Campbeltown  Loch,  the  Clyde 
channel,  and  Kilbrennan  Sound,  and  later  all  over  the  Sound  and  north 
of  Carradale;  in  August  the  grounds  were  between  Carradale  and 
Saddell,  and  on  the  Arran  coast ;  in  September  chiefly  at  Cour,  Machrie 
Bay,  and  from  Cour  to  Carradale;  in  October  near  Carradale  and 
on  the  Arran  coast,  off  Brown  Head,  and  the  lower  reaches,  and  towards 
the  end  of  the  month  at  Isle  Ross  and  Saddell ;  in  November  the  fishing 
was  in  the  lower  reaches,  and  later  near  Skipness,  Carradale,  and  Machrie 
Bay ;  in  December  it  was  near  Campbeltown,  Carradale,  and  on  the 
south  coast  of  Arran,  and  the  season  closed  on  the  29th  December.  The 
total  for  the  year  was  41,369  crans,  apportioned  as  follows: — 

To  end  May.      June.      July.       Aug.       Sept.       Oct.       Nov,       Dec. 
10,890  704        4,690      6,349     2,279|    4,702|   5,012     6,742 

In  1888  an  association,  known  as  the  Fishermen's  Association,  was 
formed  by  the  fishermen  of  Inveraray,  Campbeltown,  and  Rothesay 
districts,  maiidy  with  the  object  of  sending  their  herrings  by  steamers 
chartered  by  themselves  to  the  Qlasgow  market,  but  they  also  fixed  a 
voluntary  close-time  to  be  binding  on  members  from  15th  March  to  31st 
May.  In  1889,  accordingly,  the  7534  crans  taken  before  the  31st  May 
were  caught  between  1st  January  and  15th  March,  and  apparently  all 
within  the  Clyde  area.       In    June    comparctively   little  was  got   in 
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Kilbrennan  Sound,  the  ^hing  being  mostly  off  Dayaar  and  in  the  mid- 
channel  of  the  Firth.  In  July  it  was  mostly  off  Davaar  and  across  to  the 
Arrau  coast,  also  off  Carradale ;  towards  the  end  of  the  month  and  in 
August  it  was  mainly  off  Carradale  and  between  Carradale  and  Arran ; 
in  September  it  was  off  Carradale  and  at  PirnmiU,  Arran;  in 
October  near  Carradale,  near  Pirnmill,  and  on  the  south  coast  of 
Arran  ;  in  November  all  over  Kilbrennan  Sound,  and  especially  off  Carra- 
dale and  in  Machrie  Bay,  and  the  same  in  December.  The  fishing  closed 
on  28th  December,  the  aggregate  being  32,906  crans,  apportioned  as 
follows : — 

Touend  May.      June.      July.       Aug.       Sept.       Oct.       Nov.        Dec. 
7,634  1,669     3,120^     2,620|     2,392      5,673     8,162      1,936 

In  1890  the  quantity  taken  up  to  3l8t  May,  and  thus  between  1st 
Januai'y  and  15th  March,  amounted  to  12,499  crans.  The  note  of  the 
Officer  is: — ''From  Ist  January  to  15th  March  the  herring  fishing  was 
prosecuted  by  most  of  the  seiAe-net  crews  of  the  district,  and  were  fairly 
successful  and  quality  good.'*  There  is  a  little  doubt  as  to  whether  or 
not  herrings  from  Islay  are  included.  In  June  the  fishing  was  prosecuted 
off  Dayaar  and  Sanda  and  in  the  Sound,  in  the  upper  and  lower  reaches, 
and  on  the  south  coast  of  Arran.  In  July  also  in  the  Sound  and  the 
lower  reaches,  and  most  of  the  herrings  were  landed  at  Campbeltown.  In 
August  most  of  the  herrings  were  taken  about  Carradale  and  Skipness, 
but  the  fishing  fell  off;  in  September  it  was  very  poor,  and  most  of  the 
boats  left  the  district,  fishing  mostly  about  Ardlamont  Point.  In  October 
it  revived,  and  considerable  quantities  were  taken  near  Skipness  and  in 
the  upper  parts  of  the  Sound  about  Cour^  and  later  about  Carradale  ;  in 
November  the  catches  were  got  about  Carradale,  on  the  Arran  coast,  and 
at  Machrie  Bay,  but  the  fishing  fell  off*  towards  the  end  of  the  month,  and 
in  December  very  little  was  got,  and  that  at  Machrie  Bay.  The  total  for 
the  year  was  25,453  crans,  thus  apportioned: — 

To  end  May.      June.      July.       Aug.       Sept.       Oct.       Nov.       Dec. 
12,499  1,157      3,627       166^         12       2,943^    6,063       105 

In  1891  the  aggregate  was  30,998  crans,  and  the  quantity  landed 
before  the  end  of  May  was  the  large  one  of  12,846  crans.  The  Officer's 
note  is  that  the  fishing  from  the  beginning  of  January  to  the  middle  of 
February  was  "  fairly  good,''  and  there  is  doubt  as  to  whether  all  the 
herrings  came  from  the  Clyde.  The  fishing  at  Islay  was  still  going  on  at 
the  end  of  December,  1890,  but  on  the  other  hand  the  Officer  then  noted 
(27th  December)  that  there  was  said  to  be  "a  great  appearance"  in 
Kilbrennan  Sound.  In  June  the  fishing  was  off*  Davaar,  and  south  of  it 
off  Sanda,  and  in  the  channel  of  the  Firth ;  also  about  Carradale  and 
Machrie  Bay,  but  most  herrings  were  landed  at  Campbeltown.  In  July, 
while  fishing  still  went  on  off  Davaar,  most  were  taken  in  Kilbrennan 
Sound,  near  Carradale,  and  in  Machrie  Bay  ;  in  August  the  fishing  was  off 
Isle  of  Ross  to  Carradale  and  from  Carradale  to  Loch  Ranza.  Very  little 
was  caught  in  September,  and  then  about  Carradale,  most  of  the  boats 
going  to  other  districts.  In  October  the  fishing  was  near  Carradale, 
Machrie  Bay,  and  south  of  the  Sound.  In  November  it  was  in  Kilbrennan 
Sound,  but  little  was  caught,  and  none  were  taken  in  December.  The 
quantities  in  the  various  months  were  as  follows : — 

To  end  May.      June.      July.      Aug.       Sept.      Oct.      Nov.       Dec. 
12,845  4,119     9,976      2,408J      146      1,244J      369  — 
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For  seyeral  years  after  this  the  fishing  was  under  the  average,  and  a 
summary  may  be  given  of  the  productive  period,  1879-1891.  In  these 
thirteen  years  the  lowest  catch,  in  1881,  was  20,393  crans,  and  the 
highest  43,609,  in  1882,  the  average  for  the  whole  \mi\^  34,305  cranp, 
the  aggregate  catch  in  the  period  reaching  a  total  of  445,960  crans.  The 
average  catch  in  each  of  the  months  was  as  follows : — 

To  end  May.      June.      July.       A.ug.       Sept.       Oct.       Nov.        Dec. 
5,592  2,554      6,706      4,806      3,383      4,853     4,124      2,285 

The  most  productive  month  was  thus  July,  followed  by  October, 
August,  and  November,  there  being  a  depression  in  September.  July  was 
the  best  month  in  four  years  and  the  second  best  in  other  two ;  August 
was  the  best  in  one  year  and  the  second  best  in  five  years ;  September 
was  the  best  in  one  year  and  the  second  best  in  one  year ;  October  was  the 
best  in  one  year  and  second  best  in  three  years  ;  November  was  the  best 
in  three  years  and  second  best  in  one  year;  December  was  the  best  in  two 
years.  Moreover,  in  the  latter  years  of  the  period,  from  1886  to  1890, 
the  best  month  was  November  or  December.  The  explanation  is 
probably  that  on  the  whole  the  best  catches  are  taken  in  the  first  part  of 
the  season,  when  the  shoals  are  passing  up  Kilbrennan  Sound,  and  then 
later  when  they  are  passing  down. 

In  the  years  1892-1898  the  fishing  was  much  less  productive,  the 
highest  aggregate  in  any  one  year  (1894)  being  24,279  crans,  and  the 
lowest,  in  1893,  being  14,141  crans,  the  average  for  the  seven  years  being 
19,335  crans.     The  average  catch  in  each  of  the  months  was: — 

To  end  May.      June.      July.       Aug.       Sept.       Oct.       Nov.       Dec. 
3,147  3,450      5,919      2,651       1,568      1,259      545        797 

July  was  thus  the  most  productive  mouth,  and  after  that  June.  In 
five  of  the  seven  years  July  was  the  best  month,  and  in  the  other  two 
June.  The  feature  of  these  years  was  the  preponderance  of  the  catch  iu 
the  earlier  months  and  the  slenderncss  in  the  later  months  of  the  season. 
Thus,  the  percentages  of  the  yield  in  the  three  months,  June-August,  and 
iu  the  three  months,  October-December,  as  well  as  in  the  period  up  to 
31st  May,  are  shown  for  the  two  groups  of  years  thus: — 

To  end  May.     June-August.     October- December. 

1879-1891         ..16  41  33 

1892-1898         ..16  62  13 

It  will  be  seen  that  the  average  catch  in  the  lean  years  is  greater  in 
June  than  it  is  in  the  productive  years,  and  that  for  July  is  not  much 
less,  while  the  greatest  falling  off  is  in  the  later  months  of  the  year. 

In  1892  the  quantity  taken  up  to  31st  May  was  2193  crans,  apparently 
from  Kilbrennan  Sound  chiefly.  In  June  the  fishing  was  off  Davaar 
southwards  and  near  Carradale ;  in  July  the  same,  and  later  in  the  month 
between  Isle  of  Ross  and  Davaar  and  near  Carradale ;  in  August  it  wus 
off  Carradale,  up  the  Sound,  and  at  Machrie  Bay ;  in  September  the  fishing 
fell  off  greatly ;  in  October  it  improved,  the  herrings  being  taken  in  the 
upper  reaches  near  Cour  and  Skipnoss ;  in  November  it  was  prosecuted  at 
Machrie  Bay  and  near  Carradale,  and  the  last  were  caught  at  Carradale 
in  the  week  ended  17th  December,  the  aggregate  for  the  season  being 
18,164  crans,  as  follows :  — 

To  end  May.      June.      July.       Aug.       Sept.       Oct.       Nov.       Dec. 
2,193  2,817      9,156      2,005^      37^       1,594      184        177 


72  Part  IIL — Twenty-fifth  AnwuU  Beport 

In  1893  the  quantity  up  to  the  end  of  May  was  3601  crans,  the  fishing 
as  osaal  being  in  January  and  the  first  part  of  Febroary.  In  Jane 
herrings  were  taken  off  Davaar,  sonth  of  Arran,  at  Carradale,  and  at  Coor. 
In  July  they  were  still  procured  in  the  lower  reaches,  off  Davaar  and 
Sanda,  and  the  end  of  Arran,  and  in  the  Sound.  In  Angnst  the  fishing 
was  prosecuted  in  the  Sound,  and  then  it  fell  off^  no  herrings  being 
landed  in  September,  and  only  3  crans  in  October.  The  fishing  in 
November  was  again  blank,  no  herrings  being  found  in  Kilbrennan  Sound, 
but  in  December  a  few  catches  were  got  in  Carradale  Bay.  The  aggregate 
was  14,141  crans,  as  follows: — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec 
3,601  2,511      6,782      2,067        —  3  —        177 

In  1894  the  fishing  somewhat  improved,  the  toUl  being  24,279  crans,  of 
which  5000  crans  were  landed  before  the  end  of  May,  herrings  being 
abundant  in  Kilbrennan  Sound  iu  January  and  February.  In  June  the 
fishing  was  off  Davaar,  south  end  Arran,  and  especially  in  Kilbrennan 
Sound.  In  July  it  was  in  the  lower  reaches,  also  the  Sound  and  near 
Carradale ;  in  August  in  the  Sound,  particularly  near  Carradale ;  daring 
the  rest  of  the  season  it  was  in  the  Sound  of  Kilbrennan,  so  far  as  stated. 
The  season  closed  on  4tb  November,  trials  made  in  the  early  part  of 
December  yielding  no  herrings  ;  but  the  Officer  reports  on  29th  December 
that  a  good  fishing  had  started  at  Carradale,  and  that  boats  were  going 
thither.     The  monthly  quantities  were  as  follows : — 

To  end  May.      June.       July.       Aug.       Sept.       Oct.       Nov.       Dec 
5,000  7,844     3,967J     4,903^    2,017^      543         4  — 

No  doubt  the  fishing  in  January  was  very  successful,  as  the  catch  up  to 
31st  May,  1895,  amounted  to  7115|i  crans.  A  note  states  that  of  this 
quantity  127l|  crans  were  landed  at  Campbeltown,  783|  at  Carradale, 
while  5060J  crans  were  shipped  by  buying  steamers  in  Kilbrennan 
Sound.  In  June  the  fishing  was  off  Sanda,  near  Campbeltown,  at  the 
south  end  of  Arran  and  Kin  tyre,  and  in  Kilbrennan  Sound.  In  July  it 
was  much  the  same,  while  in  August  Kilbrennan  Sound  is  alone  men- 
tioned. The  fishing  fell  off  after  this,  there  being  no  "  appearance "  of 
herrings  iu  Kilbrennan  Sound  in  September,  but  in  October,  November, 
and  December  small  takes  were  got  in  the  Sound,  and  the  total  for  the 
season  was  15,765|  crans,  apportioned  as  follows  : — 

To  end  May.      J  une.      July.       Aug.       Sept.       Oct.       Nov.       Dee. 
7,1 15|  1,596     4,514^     2,076^       40         125       118         180 

The  catch  iu  1896,  before  the  end  of  May,  was  2914  crans,  but  no 
information  is  given  as  to  the  place  or  months  of  capture.  In  Jane  the 
fishing  was  on  the  Arran  side,  between  Brown  Head  and  Machrie  Bay, 
and  also  from  Davaar  to  Sanda.  In  July  there  is  little  information,  but 
at  the  end  of  the  month  the  herrings  were  taken  chiefly  about  Skipness 
This  appears  to  have  been  the  chief  locality  in  August,  and  also  8-10  miles 
south  of  Davaar.  In  September  the  fishing  was  in  Kilbrennan  Sonnd, 
especially  between  Carradale  and  Skipness  ;  in  August  it  was  the  same, 
and  between  Pirnmill,  Arran,  and  Machrie  Bay  ;  in  November  at  Machrie 
Bay  and  on  the  Arran  side,  and  in  December  the  same,  and  near  Carra- 
dale.    The  total  for  the  year  was  14,973  crans,  as  follows: — 

To  end  May.      June.      July.       Aug.       Sept.      Oct.      Nov.       Dec 
2,914  2,177      3,380      2,104      1,109     2,457      460        392 
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The  quantity  taken  in  1897  was  conBiderablj  greater,  totalling  24,202 
crana,  of  whidi  only  393  crana  were  caught  before  the  end  of  May. 
There  is  not  much  information  as  to  the  places  of  fishing  in  June,  but  at 
the  end  of  the  month  the  best  fishing  was  between  Sanda  and  Davaar. 
In  July  there  were  heavy  takes  in  Kilbrennan  Sound,  particularly  off 
Skipness,  but  also  down  as  far  as  Campbeltown ;  but  many  of  the  boats 
went  to  Loch  Fyne,  where  there  were  dense  shoals  of  herrings.  In 
August  and  September  the  fishing  in  the  district  was  between  Skipness 
and  Carradale,  and  off  Skipness  \  it  was  much  the  same  in  October,  but 
then  also  at  Machrie  Bay,  but  the  fishing  fell  off  towards  the  end  of  the 
month.  In  November  the  herrings  were  still  scarce  in  the  Sound,  and 
those  obtained  were  got  near  Skipness,  and,  later,  between  Carradale  and 
Pimmill.  In  December  the  fishing  continued  poor,  and  it  closed  on  the 
25  th.     The  monthly  catches  were  as  follows : — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 
393  788       9,692      3,621      5,001     3,706      937         64 

It  is  evident  that  the  great  shoals  which  had  been  in  Loch  Fyne  this 
summer  did  not  leave  the  region  by  Kilbrennan  Sound,  and  the  same 
conclusion  may  be  drawn  from  the  comparatively  small  quantity  taken  in 
1898  up  to  the  end  of  May,  viz.,  816  crans.  In  June  of  this  year  a  large 
quantity  of  herrings  were  taken,  the  grounds  being  in  Kilbrennan  Sound, 
e8)>erially  from  Carradale  to  Skipness.  There  is  no  information  given  as 
to  the  place  of  fishing  in  July ;  in  August  it  is  only  mentioned  in  the 
last  week,  when  it  was  said  to  be  at  Skipness ;  in  September  it  was 
between  Machrie  Bay  and  Carradale,  and  from  Skipness  to  Machrie  Bay; 
in  October  from  Skipness  to  Carradale ;  in  November  at  Machrie  Bay  ; 
in  December  the  best  places  were  in  the  upper  parts  of  Kilbrennan 
Sound,  between  Cour  and  Clonaig ;  later  in  Ardnacross  Bay,  near  (/amp- 
1)eltown,  near  Carradale,  and  in  Machrie  Bay.  At  the  end  of  December 
fishermen  reported  a  "  splendid  appearance  "  of  herrings  on  the  coast. 
The  aggregate  quantity  for  the  year  was  23,817  crans,  thus  apportioned : — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 
816  6,421      4,037      1,780      2,771       387       2,116     4,589 

With  the  revival  of  productive  fishery  at  the  end  of  the  year  the 
catches  began  to  increase,  and  from  1899  to  1903  they  were  much  above 
the  average.  The  total  quantity  landed  in  these  five  years  was  171,582 
crans,  giving  an  annual  average  of  34,316  crans,  thus  apportioned: — 

To  end  May.      June.      July.      Aug.       Sept.       Oct.       Nov.       Dec. 
4,504  4,070      8,068      9,493     4,607      1.360      942       1,271 

Thus,  13  per  cent,  were  taken  np  to  the  end  of  May,  63  per  cent,  in 
June- August,  and  10  per  cent,  in  October-December.  In  four  of  the 
years  the  best  month  was  August,  in  the  other  year  it  was  July,  and  in 
three  years  the  second  best  month  was  July,  iu  one  it  was  August,  and 
in  the  other  September. 

In  1899,  the  quantity  taken  to  31st  May  was  4120  crans;  no  infor- 
mation is  given  as  to  the  localities  or  time  of  capture,  and  the  informa- 
tion in  most  of  the  year  is  meagre.  In  June  the  herrings  taken  in  the 
week  ended  10th  were  secured  near  Carradale  and  Machrie  Bay  ;  in  July 
those  got  in  the  week  ended  22nd  were  taken  in  the  Sound  ;  in  August 
the  fishing  was  all  over  the  Sound;   in  the  week  ended  16th  September 
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the  fishing  was  also  io  the  S^mnd,  and  prohably  daring  the  reat  of  the 
month.  On  October  7th  it  wi&s  reported  that  there  was  a  good  "  ap- 
pearance" in  the  Soind;  on  14th  the  fishing  was  best  at  Machrie  Bay, 
and  nothing  was  caught  from  this  date  until  1 7th  November,  chiefly,  it 
would  appear,  from  bad  weather ;  the  place  of  fishing  is  not  mentioned. 
In  the  week  ended  25th  November  heavy  catches  were  secured  close  in 
on  the  Kintyre  coast,  and  the  shoal  extended  from  Kildalloig  Bay 
(immediately  t«)  the  south  of  Davaar  island)  to  Isle  Boss,  about  four  miles 
north  of  Davaar.  At  the  beginning  of  December  there  was  a  good 
"  appearance  ^  about  two  miles  north  of  Davaar ;  stormy  weather  camo 
on,  and  trials  made  in  the  middle  of  the  month  were  blank ;  it  was 
believed  the  herrings  had  gone  into  deep  water.  On  23rd  December  a 
good  "  appearance "  was  reported  between  Carradale  and  Skipness,  and 
in  the  last  week  of  the  year  178  crans  were  taken  off  Brown  Head, 
Arran     The  aggre-jate  for  the  year  was  31,898  crans,  thus  apportioned : — 

To  end  May.      June.      July.      Aug.       Sept.      Oct.       Nov.       Dee. 
4,120  4,259      6,049      6,939      6,135     1,488     2,717       191 

The  quantity  caught  up  to  the  end  of  May,  1900,  was  3994  crans. 
In  June  the  fishing  was  in  Kilbrennan  Sound,  and  best  between 
Carradale  and  Maohne  Bay,  and  close  inshore  between  Carradale  and 
Campbeltown.  In  July  it  was  between  Saddell  and  Clonaig,  and  near 
Carradale;  in  August  (when  over  11,000  crans  were  landed)  it  was  in 
the  first  week  chiefly  at  Machrie  Bay  and  near  Saddell,  then  on  the 
Arran  shore  between  Machrie  Bay  and  Pladda,  and  then  in  the 
vicinity  of  Skipness,  Machrie  Bay,  and  Carradale.  In  September  the 
fishing  was  general  over  the  Sound,  be^t  takes  being  got  near  Carradale, 
off  Cour,  and  between  Carradale  and  Pirnmill.  In  October  the  fishing 
was  mostly  in  Machrie  Bay  and  near  it,  and  the  herrings  were  said, 
towards  the  end  of  the  month,  to  be  gradually  moving  southwards. 
Very  little  was  taken  in  November,  though  the  weather  was  usually 
favourable  for  fishing ;  most  were  secured  near  the  end  of  the  month, 
close  into  the  shore  about  four  miles  north  of  Campbeltown.  It  waa 
then  reported  that  there  was  a  **  splendid  appearance ''  of  herrings  from 
Carradale  to  Campbeltown,  but  the  weather  in  December  was  mostly 
boisterous,  and  those  taken  were  secured  in  the  week  ended  8th,  locality 
not  mentioned,  but  it  is  said  the  herrings  were  making  for  the  spawning 
ground  off  Brown  Head,  Arran,  and  that  the  milt  and  roe  were  very 
ripe.     The  total  for  the  year  was  40,557  crans,  as  follows : — 

To  end  May.      June.      July.       Aug.       Sept.       Oct.       Nov.       Dec. 
3,994  4,297      6,962     11,355      8,896     4,101      610        342 

The  fishing  in  the  early  months  of  1891  was  apparently  good,  for  the 
quantity  landed  up  to  31st  May  was  6097  crans.  In  June  the  grounds 
were,  in  the  first  week,  on  the  Arran  shore  between  Pirnmill  and  Machrie 
Bay,  and  in  the  last  week  near  Cour,  about  midway  between  Carradale 
and  Skipness.  In  July  the  fishing  was  between  Carradale  and  Campbel- 
town, and  on  the  Arran  side,  especially  in  Machrie  Bay.  In  August  it 
was  in  various  places  in  Kilbrannan  Sound,  as  Machrie  Bay  and  near 
Carradale.  In  September,  when  3241  crans  were  taken,  there  is  no 
information;  in  the  first  week  of  October  864  crans  were  landed,  after 
which  the  fishing  fell  off,  the  boats  failing  to  get  herrings ;  very 
little  was  got  in  the  first  part  of  November  (at  Clonaig  and  Carradale), 
but  towards  the  end  of  the  mouth  some  good  takes  were  secured  in 
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Ardnacross  Bay,  a  few  miles  to  the  north  of  Campbeltown ;  in  the  early 
part  of  December  (in  which  month  2406  crans  were  landed)  the  herrings 
were  got  in  the  same  neighbourhood,  and  later  on  in  Machrie  Bay.  The 
total  for  the  year  was  31,349  crans,  as  follows : — 

To  end  May.      June.      July,       Aug.       Sept.       Oct.       Nov.       Dec. 
6,097  3,721      6,261      7,648      3,241       894      1,081      2,406 

In  1902,  the  quantity  taken  up  to  the  end  of  May  was  3881  crans. 
Iti  June  the  fishing  was  in  Machrie  Bay,  at  the  south  end  of  Arran, 
from  Pirnmill  to  Brown  Head,  and  at  Cour  Bay.  In  July,  when  11,980 
crans  were  landed,  the  fishing  in  the  first  week  was  mostly  off  the  south 
end  of  Arran  and  at  Cour,  then  between  Carradale  and  Skipness,  then 
on  the  Arran  shore,  and  in  the  last  week  between  Skipness  and  Carradale ; 
the  herrings  were  inferior,  and  largely  small  fish.  In  August  the  fishing 
was  chiefly  between  Skipness  and  Carradale.  This  was  also  the  case  in 
the  first  two  weeks  of  September,  after  which  the  fishing  fell  off,  herrings 
getting'  scarce.  Very  little  was  got  in  October,  and  nothing  from  the 
Sound  in  November,  the  boats  fishing  chiefly  in  another  district,  between 
Garroch  Head  and  the  north  of  Arran.  December  was  also  blank  until 
the  week  ended  27th,  when  287  crans  were  taken  in  Saddell  Bay,  and  in 
the  closing  week  of  the  year  824  crans  were  caught  between  Saddell  and 
Davaar.     The  total  for  the  year  was  38,016  crans,  ns  follows: — 

To  end  May.      June.      July.       Aug.       Sept.       Oct.       Nov.       Dec. 
3,881  4,895     11,980    11,727     4,071       317        30        1,115 

From  Ist  January  to  3l8t  May,  1903,  the  quantity  landed  was  4430 
crans.  In  June  the  fishing  was  mostly  in  Machrie  Bay,  near  Carradale, 
at  Skipness,  Cour,  Ross  Isle,  and  Davaar.  In  July  there  is  only  infor- 
mation for  the  first  week,  when  962  crans  were  secured,  mostly  at  Cour, 
Carradale,  and  Machrie  Bay.  After  the  first  week  in  September  the 
fishing  fell  off,  and  no  herrings  were  landed  from  Kilbrennan  Sound 
between  the  early  part  of  September  and  the  week  ended  28th  November, 
when  272  crans  were  got  in  Kildalloig  Bay,  near  Campbeltown,  and  the 
herrings  are  described  as  very  large,  and  full  of  milt  and  roe.  In 
December,  when  2301  crans  were  caught,  the  herrings  were  chiefly  got 
between  Isle  Ross  and  Carradale,  in  Ardnacross  Bay,  Machrie  Bay,  and 
neighbourhood.  The  herrings  were  very  large,  running  about  650  to  a 
cran,  very  ripe,  and  some  of  them  were  spent.  The  aggregate  quantity 
for  the  year  was  29,762  crans,  apportioned  as  follows : — 

To  end  May.      June.      July.       Aug.       Sept.       Oct.       Nov.       Dec. 
4,430  3,180      9,088      9,797       694         --        272       2,301 

In  the  years  1 904-1 906  the  catch  of  herrings  fell  considerably.  In  the 
three  years  the  aggregate  quantity  landed  was  45,434  crans,  the  annual 
average  being  15,145  crans.  The  averages  for  the  various  months  were 
as  follows : — 

To  end  May.      June.      July.       Aug.       Sept.       Oct.       Nov.       Dec. 
4,939  2,609      4,387      2,496       318         85         47  263 

The  percentage  up  to  31st  May  was  33 ;  for  the  three  months  June- 
August  63,  and  for  the  three  months  October  December,  only  2*6.  In 
each  year  July  was  the  best  month. 
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In  1904,  5872  crans  were  taken  np  to  3 let  May,  but  no  information  is 
given  either  as  to  the  localities  where  the  herrings  were  caught  or  the 
moDths.  In  June  the  fishing  was  chiefly  near  Carradale,  at  Machrie 
Bay,  and  between  Skipness  and  Carradale.  In  July  the  herrings  were 
mainly  caught  in  Kiibreunan  Sound,  north  of  Carradale,  Isle  of  Rosa, 
and  at  Davaar;  in  August  in  Kilbrennan  Sound;  in  September  near 
Brown  Head,  Isle  of  Ro«s,  aud  aUmg  the  Arran  shore.  In  October  the 
fishing  fell  of ;  nothing  was  got  in  the  Sound,  what  was  landed  being 
obtained  between  the  islands  of  Pladda  and  Sanda,  and  between  Pladda 
and  Ailsa  Craig.  In  November  two  craus  got  at  Carradale  represented  the 
whole  catch ;  they  were  taken  in  the  week  ended  26th.  In  December, 
with  the  exception  of  two  crans  taken  in  Carradale  Bay  at  the  beginning 
of  the  month,  nothing  was  got  until  the  week  ended  21st,  when  377  craus 
were  caught  in  the  vicinity  of  Isle  Ross  and  l>avaar,  while  in  the  next 
week  306  crans  were  secured  at  the  same  places  and  at  Kildalloig  Bay. 
They  are  described  as  fine  large  herrings,  nearly  ripe.  The  total  for  the 
year  was  12,906  crans. 

In  1905  the  quautity  landed  between  1st  January  and  31st  May  was 
5384  crans.  In  June  the  fishing  was  from  Machrie  Bay  to  Brown  Head, 
then  Carradale  to  Campbeltown,  and  later,  from  Crossaig  to  Torriedale, 
and  Cour  to  Isle  Ross.  The  fishing  was  chiefly  from  Carradale  to  Skip- 
uess,  along  the  Arran  shore,  off  Brown  Head,  and  from  Davaar  to  Pladda. 
In  August  it  was  in  the  Sound,  and  off  Davaar  and  Pladda.  In  Septem- 
ber only  six  crans  were  landed,  five  in  the  first  week  off  the  Arran  shore, 
and  most  of  the  local  crews  had  gone  to  the  Ayrahire  fishing.  In  October 
the  herrings  landed  were  mostly  from  other  districts ;  but  in  the  week 
ended  25th  November,  64  craus  were  got  at  Ardnacrois  Bay,  near 
Campbeltown,  the  herrings  being  described  as  large  and  full  of  milt  and 
roe,  none  being  spent.  In  December  they  were  obtained  in  the  same 
locality  and  at  Isle  Rois,  but  no  large  catches  were  secured.  The  total  for 
the  year  was  21,458  crans. 

In  1906  the  quantity  up  to  the  end  of  May  was  3562  crans.  In  June 
the  fishing  was  good  between  Machrie  Bay  and  Brown  Head,  and  from 
Skipness  to  Davaar ;  in  July  the  herrings  were  caught  midway  between 
Arran  and  Kintyre,  between  Carradale  and  Skipness,  and  near  Davaar. 
In  August  the  fishing  fell  off,  herrings  Ijeing  got  in  small  quantities  in 
Machrie  Bay  and  in  the  Sound.  In  September  no  herrings  were  taken 
till  near  the  end  of  the  mouth,  on  the  Arran  shore.  In  October  only 
five  crans  were  taken  in  the  first  week  ;  and  in  November  there  was  no 
fishing.  In  December  only  five  crans  were  got  in  Kildalloig  and 
Carradale  Bays.  The  total  for  the  year  was  very  small,  vis.,  11,070 
crans.  In  the  three  years  the  quantities  taken  were  apportioned  as 
follows : — 

To  end  May.  June.        July.        Aug. 

1904  ..       5,872     1,650     1,938     1,772 

1905  ..       5,384     2,886     7,737     5,175 

1906  ..       3,562     3,392     3,486        641 

Last  year  the  catch  was  the  smallest  since  1878. 

Inveraray  District 

The  limits  of  this  district  comprise  the  coast,  lochs,  and  islands  between 
Oban  and  Tayinloan,  on  the  west  side  of  Argyllshire,  but  the  important 
area  is  Loch  Fyne,  within  Ardlamont  and  Skipness  Points.  The  herrings 
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got  elsewhere  in  the  district  are  small  in  quantity,  and  the  statistics  dealt 
with,  as  before  explained,  represent  substantially  the  product  of  the  Loch 
Fyne  fishery.  The  district  included  that  of  Campbeltown  until  1863, 
when  the  latter  was  separated  from  it. 

The  gross  quantity  of  herrings  taken  in  Loch  Fyne  during  the  forty- 
four  years,  1863-1906,  amounted  to  1,107,926  crans,  giving  an  annual 
average  of  25,180  crans.  In  the  first  twenty-two  years,  1863  to  1884,  the 
aggregate  quantity  of  herrings  landed  was  505,702  crans,  giving  an  annual 
average  for  the  period  of  22,986  crans.  In  the  last  twenty-two  years, 
from  1885  to  1906,  the  aggregate  quantity  was  602,224  crans,  giving  an 
annual  average  of  27,375  crans.  In  the  second  half  of  the  period  there 
was  thus  an  excess  of  96,522  crans  over  the  first  half,  the  average 
increase  per  annum  being  4,389  crans. 

When  the  annual  statistics  are  arranged  in  ten-yearly  periods  we  have 
the  following  annual  averages : — 


(1857-66 
1867-76 
1877-86 

•  • 

•  • 

•  • 

22,567) 
20,255^ 
25,679i 

1887-96  ..  30,943 
1897-1906         . .         24,889 

he  averages 

when  the 

figures  are 

arranged  in  five-yearly  periods  are  :- 

(1862-66 
1867-71 
1872-76 
1877-81 
1882-86 

22,567) 

29,732 

10,779 

21,053 

30,306 

1887-91  . .  30,201 
1892-96  . .  31,685, 
1897-1901  . .  36,719 
1902-06             . .         13,059 

The  annual  fluctuations  in  the  annual  yield  of  the  herring  fishery  in 
Loch  Fyne  have  been  great,  ranging  from  a  minimum  of  3648  crans  in 
1873,  4806  in  1874,  and  4672  in  1905,  to  maxima  of  55,754  crans  in 
1882  and  56,820  crans  in  1897.  If  we  take  the  mean  annual  yield  over 
the  whole  period,  then  the  following  years  were  under  the  average: — 
1863,  1864,  1871-1880,  1884,  1886-1888,  1895  and  1896,  1900,  and 
1903-1906.  The  periods  of  greatest  scarcity  were  from  1872  to  1875  and 
1904  to  1906.  The  most  productive  years  were :— 1867-1869,  1881- 
1883,  1890-1894,  and  1897-1899. 

The  physical  features  of  Loch  Fyne  will  be  fully  dealt  with  later,  but 
it  may  be  said  here  that  the  loch  is  divided  into  two  well-marked  portions 
— a  lower  and  wider  part,  extending  from  Ardlamont  and  Skipness 
Points  to  Otter  Spit,  where  the  water  is  almost  everywhere  deep, 
reaching  70,  80,  and  in  some  parts  even  100  fathoms;  and  an  upper  and 
narrower  part,  commonly  called  Upper  Loch  Fyne,  extending  from  Otter 
Spit  to  the  head  of  the  loch.  This  again  may  be  divided  into  two 
parts,  the  lower,  from  Otter  Spit  to  the  vicinity  of  Furnace,  being 
as  a  rule  under  30  fathoms,  while  the  upper  part  is  generally  much 
deeper,  and  may  be  over  70  or  even  80  fathoms. 

With  regard  to  the  fishing  each  year  in  the  loch,  it  is  chiefly  important, 
if  possible,  to  distinguish  the  productiveness  of  the  upper  and  the  lower 
lochs,  and  for  a  number  of  years  the  records  enable  this  to  be  done. 

In  the  earlier  records,  from  1854  to  1863,  before  the  Campbeltown 
district  was  separated,  notes  are  occasionally  given  throwing  light  on  the 
fishing  in  Loch  Fyne,  and  some  extracts  may  be  cited.  In  1854  the 
first  entry  is  in  the  week  ending  1st  July,  and  in  that  year  there  was  a 
fishing  in  the  upper  loch,  and  apparently  a  good  one.  In  August  and 
October  large  catches  were  got  from  Skipness  to  Otter  Spit;  in  November 
the  fishing  was  chiefly  about  Skipness  and  Laggan,  and  down  to  Carra- 
p 
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dale ;  and  in  December  good  takes  were  got  at  Skipneea,  the  herrings  being 
large  fish,  mnning  about  600  to  a  cran. 

In  1855,  the  first  entry  is  16th  Jane,  bat  1326  crans  were  caaght  from 
1st  January  to  9th  June  in  the  district.  It  is  stated  that  the  herrings 
appeared  in  the  loch  earlier  than  was  expected,  and  the  fishermen  were 
scarcely  ready  for  them.  In  June  the  fishing  was  chiefly  from  the  head 
of  the  loch  to  Otter,  but  also  at  Ardlamont  and  Tarbert.  In  July  the 
fishing  was  very  good  in  the  upper  loch,  especially  about  Inreraray.  In 
October,  Norember,  and  December  seiners  were  rery  successful  about 
Skipness,  the  herrings  being  large  and  full  of  milt  and  roe. 

In  1856,  the  first  entry  is  21st  June;  1178  crans  were  caught  in  the 
district  between  Ist  January  and  14th  June.  Until  August  the  fishing 
in  the  upper  loch  was  poor ;  in  Norember  large  quantities  were  taken 
at  Ardlamont,  and  in  December  at  and  above  Otter  Feny,  and  at 
Skipness. 

In  1857,  1716  crans  were  landed  in  the  district  from  1st  January  to 
13th  June.  In  Jane  some  very  large  herrings  were  taken  near  Tarbert, 
those  caught  by  the  seine  selling  for  28s.  6d.  for  120  fish,  those  taken  by 
drift-net  at  24s.  per  120,  and  the  lowest  price  was  14s.  Here  it  may  be 
mentioned  that  in  those  years  the  prices  appear  to  be  much  higher,  there 
being  little  competition  comparatively  on  the  East  Coast.  At  Tarbert,  in 
December  1854,  cured  herrings  sold  at  45s.  a  barrel.  In  July,  August^  and 
September  the  best  fishing  was  in  the  upper  loch,  particularly  at 
Inveraray,  and  the  buoy  ropes  of  the  drift-nets  in  the  latter  month  were 
60  fathoms  long,  so  that  the  herrings  were  in  the  deep  water.  In 
October  the  fishing  was  also  largely  up  the  loch,  and  in  November  good 
takes  were  got  at  Crarae. 

In  1858  3000  crans  were  landed  up  to    26th  June.     In    June  and 
July  the  fishing  up  the  loch  was  light,  but  from  August  to  the  end  of  the 
year  it   was  chiefly   in  the  upper  loch,  from    Minard  to  Inveraray 
Seiners  flocked    thither,    and   riots  occurred  between  them  and    the 
drifters. 

In  1859,  3209  crans  were  landed  to  June  11th.  In  July  and  August 
the  fishing  in  the  upper  loch  was  good ;  it  fell  off  in  September  and 
October,  but  revived  towards  the  end  of  November,  especially  about 
Minard,  and  400  boats  were  fishing  in  the  upper  loch.  It  continued 
remarkably  good  in  December,  large  quantities  being  caught  about  the 
middle  of  the  month  near  Minard  and  Loch  Gair,  and  towards  the  end  in 
the  lower  loch,  especially  at  Inverneil  Bay,  near  Ardrishaig,  and  from 
there  towards  Tarbert.  Some  of  the  seiners  got  200  crans  in  a  haul, 
and  about  500  boats  were  fishing  in  the  lower  loch. 

In  1860  the  Officer  begins  bis  record  in  January,  in  which  month  good 
catches  were  obtained  by  the  seiners,  but  the  fishing  fell  off  towards  the 
end,  chiefly  from  bad  weather,  as  large  shoals  were  said  to  be  in  the  lower 
loch  and  at  Loch  Gair.  In  February  the  fishing  continued  at  Inverneil, 
the  herrings  being  large,  but  many  of  them  were  spent.  In  March  they 
were  mostly  spent,  and  the  fishing  extended  to  Skipness  and  Carradale ; 
at  the  end  of  the  month  they  were  all  spent.  It  thus  appears  that  in 
the  early  months  of  1860  a  shoal  of  herrings  spawned  in  the  neighbour- 
hood of  Inverneil  In  April  little  was  done ;  at  the  end  of  May  fisher- 
men reported  that  they  never  had  seen  such  an  abundance  of  herrings 
in  Loch  Fyne  at  that  period  before.  In  June  the  fishing  was  apparently 
only  in  the  lower  loch ;  in  July  there  was  a  light  fishing  in  the  upper 
loch,  which  improved  in  August  and  September.  In  October  the  fishing 
was  chiefly  between  Otter  and  Tarbert,  especially  at  Inverneil,  also  at 
Minard.      In  November  the  fishing  was  very  successful  betweeo  Otter 
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and  Tarbert  (10,460  cnns  were  landed  in  the  district  thia  month),  and 
alao  in  December  between  Ardlamont  and  Otter,  and  also  at  Inrerneil 
and  Loch  Gair.  The  Officer  now  began  to  detul  the  catches,  and  &» 
fnUowiDK  for  the  weeks  in  December  may  be  given : — 


ended 

Drift-net. 

Seine-net. 
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From  186t  to  1876  the  Officer  noted  the  qnsntity  taken  in  Upper 
Loch  Fyne  in  each  month  of  the  year,  which  I  have  extracted  in  the 
aecompanying  Table. 

Table  ahowing  the  Number  of  Crans  of  Herrings  taken  in  Upper  Lodi 
Fjme  in  each  month  of  the  years  1861-1876. 
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It  will  be  seen  that  in  the  yeare  18G2-1869  large  quantities  of 
herrings  were  taken  in  Upper  Loch  Fyne,  particularly  in  1862  and  1863, 
and  that  after  1869  the  quantity  declined  to  a  marked  extent.  This 
Table,  however,  represents  the  minimum,  because  many  of  the  herriogB 
landed  at  Ardrishaig  were  caught  in  the  upper  loch. 

In  1861  the  fishing  in  June  was  poor,  and  best  at  Minard ;  in  July 
there  wai  also  little  fishing  in  the  uitper  loch,  and  again  in  September ; 
in  October  the  beat  fishing  was  at  Invemeil,  and  then  from  Killinau  to 
Ardlamont.  In  November  the  Officer  remarks  thiit  there  had  been  very 
little  doing  in  the  upper  loch  the  whole  season,  and  though  the  fisher- 
men reported  that  there  were  abundance  of  herrings  from  Tarbert  to 
Furnace  they  could  not  catch  them.  In  December  the  fishing  improved, 
especially  between  Minard  and  Furnace. 

1862  was  a  very  productive  year,  the  total  for  the  diatrict  (including 
Campbeltown)  being  67,361  crane.  From  the  records  it  appears  that 
the  approximate  quantity  taken  in  Loch  Fyne  was  about  62,400  crins, 
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the  greater  proportion  of  which  was  taken  in  the  upper  loch,  and 
the  best  months  were  October  and  November.  Until  the  end  of  July 
the  fishing  was  light,  especially  in  the  upper  loch ;  in  the  last  week  of 
the  month  the  best  fishing  was  between  Invemeil  and  Skipness.  In 
August  it  greatly  improved  both  in  the  lower  and  the  upper  loch.  In 
September  it  continued  very  productive,  especially  between  Otter  and 
Minard.  In  October  as  many  as  550  boats  were  fishing  in  the  upper 
loch,  the  best  grounds  being  at  the  top,  off  Cairndow,  and  later  from 
Furnace  to  Loch  Gair.  At  the  end  of  November  there  were  660  boats, 
and  the  best  fishing  was  about  Minard.  During  December  the  fishing 
was  mostly  from  Minard  to  Loch  Gair,  and  towards  the  end  of  the  month 
also  off  Inverneil.  When  the  season  closed  herrings  were  still  abundant 
in  both  the  upper  and  the  lower  loch,  but  no  fishing  took  place  in  the 
early  months  of  1863,  owing  to  the  close  time. 

In  1863  the  aggregate  for  Loch  Fyne  was  22,923  crans,  and  the 
fishing  in  June  was  poor.  In  July  it  improved,  and  was  chiefly  in  the 
lower  loch.  In  August  it  was  much  more  productive  in  the  upper  loch 
about  Inveraray  ;  in  September  the  fishing  was  chiefly  from  Furnace  to 
the  head  of  the  loch  ,  in  October  530  boats  were  fishing  in  the  upper 
loch  j  in  November  the  best  grounds  were  at  Minard  and  then  Minard 
to  Loch  Gair.  In  the  early  part  of  December  good  takes  were  obtained 
at  Inverneil  as  well  as  above  Otter,  but  the  fishing  fell  off^  and  towards 
the  end  of  the  month  the  herrings  were  said  to  have  left  the  loch. 

In  1864  the  herrings  were  chiefly  taken  in  June  in  the  lower  loch  ] 
in  July  the  best  fishing  was  between  Otter  and  Maol  Dubh  (between 
Tarbert  and  Ardrishaig) ;  in  August  it  greatly  improved  in  the"  upper 
loch,  and  was  good  there  in  September,  but  after  this  it  fell  off  in  the 
upper  loch,  and  in  November  and  December  little  was  got  in  Loch  Fyne. 
The  total  for  the  year  was  12,867  crans. 

The  yield  from  1865  to  1870  was  above  the  average,  1868  and  1869 
being  the  best. 

In  1865  the  total  was  26,118  crans,  of  which  5710  crans  were  secured 
in  the  upper  loch.  In  June  very  little  was  caught ;  in  July  it  improved 
towards  the  end  of  the  month,  but  was  still  unimportant  in  the  upper 
loch.  In  August  most  of  the  herrings  were  got  in  the  lower  loch, 
and  the  fishing  in  the  upper  loch  was  better ;  in  September  most  were 
taken  near  Tarbert  and  Ardrishaig,  and  2346  crans  in  the  upper 
loch  ,  in  October  the  fishing  was  less  successful,  the  herrings  being  mostly 
taken  in  the  neighbourhood  of  Ardlamoiit ;  in  November  little  was 
caught  in  the  upper  loch,  those  landed  being  chiefly  got  about  Ard- 
lamont.  Towards  the  end  of  November  the  fishing  fell  off,  and  most 
of  the  boats  went  to  the  Kyles  of  Bute ;  in  December  very  little  was 
caught. 

In  1866  the  aggregate  was  28,360  crans,  of  which  5580  were  taken 
in  Upper  Loch  Fyne.  In  June  very  little  was  caught,  and  chiefly  about 
Otter.  In  July  45  crans  were  taken  above  Otter,  after  which  the 
fishing  improved  in  the  upper  loch,  but  throughout  the  year  most  were 
caught  in  the  lower  loch,  the  places  not  specified. 

In  1867  the  aggregate  catch  was  34,415  crans,  of  which  6593  crans 
were  taken  in  the  upper  loch.  In  January  85  crans  were  got  at  Minard. 
In  June  the  fishing  was  light;  in  August,  when  13,456  crans  were 
landed,  most  were  got  in  the  lower  loch,  the  chief  grounds  being  from 
Tarbert  to  Otter  Spit,  and  2542  crans  were  taken  in  the  upper  loch ;  in 
September  most  were  taken  in  the  lower  loch,  and  also  in  October.  In 
November  most  of  the  herrings  were  secured  between  Furnace  and  Loch 
Gair  and  Otter.     In  December  the  shoal  moved  farther  down  and  good 
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takes  were  obtained  between  Loch  Grair  and  Otter,  and  at  the  end  of  the 
year  a  great  shoal  was  reported  to  be  in  the  upper  loch. 

Id  1868  the  aggregate  for  the  year  was  39,795  crans,  of  which  7231 
crans  were  taken  in  the  upper  loch.  In  January  3038  crans  were 
landed,  505  from  the  upper  loch,  and  nearly  ail  the  rest  were  landed  at 
Ardrisbaig.  In  June  the  fishing  was  chiefly  between  Skipness  and 
Otter  Spit,  very  little  being  got  in  the  upper  loch.  In  July  the 
fishing  was  yery  general  all  over  the  loch  from  the  top  of  it  to  Skipness, 
and  it  continued  thus  till  the  latter  part  of  October,  some  heavy  catches 
with  seines  being  got  in  October,  near  Inveraray.  In  Novembtr  little 
was  taken  in  Loch  Fyne,  the  boats  mostly  leaving  for  Greenock,  where  a 
very  good  fishing  was  reported.  In  December  the  herrings  were  taken 
at  Minard,  but  chiefly  on  the  Cowal  shore  in  the  lower  loch,  and  at  the 
end  of  the  mouth  there  was  no  **  appearance  "  of  herrings  in  Upper  Loch 
Fyne,  and  it  was  believed  the  shoals  had  left. 

From  this  year  the  productiveness  of  the  fishing  in  Loch  Fyne 
declined  steadily  to  the  year  1873,  when  it  reached  its  lowest  point. 

In  1869  the  aggregate  catch  amounted  to  34,024  crans,  of  which 
5093  were  got  in  the  upper  loch.  In  January  763  crars  were  caught  on 
the  Cowal  shore  and  about  Ardlamont  Point.  In  June  the  fishing  was 
in  the  lower  loch,  little  being  caught  above  Otter  till  the  end  of  the 
month,  and  then  at  Inveraray.  In  July  the  fishing  improved  in  the 
apper  loch,  and  a  good  **  appearance ''  was  reported  from  Skipness 
to  Inveraray.  In  August  the  herrings  were  most  plentiful  about 
the  mouth  of  the  locb,  and  this  was  the  case  also  in  September. 
In  October  the  fishing  fell  o£f  in  both  upper  and  lower  lochs, 
what  was  got  being  taken  near  the  mouth  of  Loch  Fyne  and 
Ardlamont ;  towards  the  end  of  the  month  many  boats  left  for  Greenock, 
though  a  good  **  appearance "  was  reported  between  Tarbert  and 
Ardnshaig.  In  November  the  fishing  declined  still  further.  In 
December  the  fishing  revived,  especially  in  the  upper  loch,  where  some 
heavy  takes  were  secured. 

In  1870  the  quantity  landed  was  26,909  crans,  of  which  1607  were 
taken  in  the  upper  loch.  The  upper  loch  was  thus  the  first  to  bo  affected 
in  the  decline  of  the  period.  In  January  a  total  of  935  crans  were 
landed,  of  which  670  crans  were  got  above  Otter,  and  chiefly  about 
Minard,  and  the  rest  were  landed  at  Ardrisbaig.  The  fishing  in  June 
was  good,  and  all  over  the  loch,  but  less  was  taken  above  Otter.  In 
July  and  August  nothing  is  said  about  the  fishing  grounds,  but  the  catch 
in  the  apper  loch  was  small.  In  September  and  October  the  fishing  was 
at  the  mouth  of  Loch  Fyne,  and  about  Skipness  and  Ardlamont ;  this 
was  also  the  case  in  November,  though  in  this  month  the  shoal  shifted 
for  a  short  time  to  Kilfinan  Bay,  where  good  takes  were  got.  In 
December  acme  were  got  at  Loch  Gair,  but  most  of  those  taken  were 
caught  at  the  mouth  of  the  loch. 

Id  the  six  years,  1865-1870,  all  above  the  average,  the  aggregate 
quantity  of  herrings  taken  was  189,621  crans,  giving  an  annual  average 
of  31,603  crans.  They  were  thus  apportioned,  the  figures  representing 
the  average  catch : — 

Jan.        June.        July.        Aug.        Sept.       Oct.        Nov.        Dec. 
868         1,923       4,854       9,255       6,777      4,878      1,908       1,149 

The  percentage  taken  in  January  was  2*7,  in  June- August  51,  and 
in  October-December  25.  In  three  of  the  years  August  was  the  best 
month,  and  in  one  each  Jolr,  September,  and  October. 
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All  the  years  1871-1880  were  below  the  average,  and  the  quantitiea 
taken  in  the  years  1871-1875  were  especially  small. 

In  1871  the  aggregate  was  13,515  crans,  or  aboat  half  of  what  the 
catoh was  in  the  previous  year;  of  this  qoautity  only  1172  crans  were 
taken  in  the  upper  loch.  In  January,  1840  crans  were  taken,  all  about 
Skipness  and  the  upper  part  of  Kilbrenaan  Sound,  wheire  a  shoal  was 
reported  to  be.  On  3rd  June  it  was  reported  that  herrings  appeared  to 
extend  all  the  way  from  Skipness  to  Furnace,  and  in  this  month  3415 
crans  were  taken,  the  best  of  the  year,  of  which  680  were  got  in  the 
upper  loch ;  at  the  end  of  the  month  a  prosperous  season  was  anticipated. 
In  July  the  herrings  were  scarcer,  and  at  the  end  of  the  month  the  fisher- 
men were  getting  discouraged,  and  they  blamed  the  heavy  rains  for 
having  driven  the  herrings  away,  or  into  deep  water.  In  August  it  was 
still  more  disappointing,  the  fishing  being,  as  it  had  been  from  the  first, 
chiefly  between  Tarbert  and  Skipness,  towards  the  mouth  of  the  loch, 
and  the  fishermen  did  not  remember  a  season  when  herrings  were  so 
scarce  in  the  loch.  In  September  the  fishing  was  only  about  Skipness, 
the  total  for  the  month  being  717  crans.  In  October  it  improved,  but 
was  still  only  at  the  mouth  of  the  loch.  During  the  rest  of  the  year  few 
herrings  were  caught  in  Loch  Fyne,  most  of  the  fish  in  November  and 
December  being  taken  about  Skipness  and  the  adjacent  part  of  Kil- 
brennan  Sound. 

In  1872  the  aggregate  was  less,  vie,  9057  crans,  of  which  473  were 
got  in  the  upper  lock  In  January  trials  were  made,  but  no  herrings 
caught.  In  June  only  715  crans  were  landed,  nearly  all  from  Skipness ; 
it  was  the  same  in  July,  the  fishing  being  at  Skipness  and  up  to  near 
Tarbert.  In  August  also  nothing  was  got  except  about  Skipness  and 
in  Kilbrennan  Sound ;  "  there  is  nothing  to  be  got  in  Loch  Fyne,''  said 
the  Officer  on  August  6th,  "  but  a  few  mackerel."  In  September  and 
October  such  fishing  as  mere  was  was  about  the  mouth  of  the  loch,  at 
Skipness  and  Kilbrennan  Sound,  occasionally  at  Ardlamont  In 
November  an  improvement  took  place,  and  herrings  were  caught  from 
about  Ardlamont  to  above  Otter,  and  in  the  next  week  (ended  23rd) 
part  of  the  shoal  had  got  up  to  Minard,  and  in  the  last  week  of  the 
month  good  hauls  were  got  from  Tarbert  to  Minard.  In  the  early  part 
of  December  the  fishermen  said  the  herrings  had  left  the  upper  loch  and 
moTed  rapidly  towards  Skipness  and  Kilbrennan  Sound,  and  700  crans 
were  taken  in  the  first  week.  After  this  only  a  few  were  got  at  Skip- 
ness. 

In  1873  the  total  for  the  year  sank  to  3648  crans,  the  lowest  in  all 
the  records,  and  of  this  185  crans  were  got  in  the  upper  loch.  Thero 
was  no  "  appearance ''  of  herrings  in  January.  In  Jane  and  July  the 
fishing  was  poor,  those  got  being  obtained  mostly  near  Tarbert.  In 
August  only  134  crans  were  landed,  and  most  of  them  it  would  appear 
came  from  Kilbrennan  Sound.  The  same  conditions  prevailed  during 
the  rest  of  the  season,  most  of  the  boats  which  continued  the  fishing 
doing  so  in  Kilbrennan  Sound,  returning  at  the  end  of  the  week,  and 
most  of  the  herrings  landed  in  September  and  October  came  from  other 
waters  apparently.  There  was  no  fishing  after  October,  and  meetings  of 
fishermen  were  held  at  Ardrishaig  complaining  of  seining,  which,  it 
was  believed  by  many,  was  a  cause  of  the  dearth. 

In  1874  the  aggregate  for  the  year  was  but  little  higher,  namely,  4806 
crans,  of  which  62  were  obtained  in  the  upper  loch.  No  trials  were 
made  in  January,  and  there  is  no  record  of  any  "appearance"  of 
herrings.  In  June,  trammels  were  tried  at  various  places  in  Upper  Loch 
Fyne,  and  a  few  herrings  were  got  all  the  way  up  to  Inveraray ;  some 
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herrings  were  also  taken  between  Kilfinan  and  Maol  Dubh,  in  the  lower 
loch,  and  near  Tarbert.  At  the  end  of  the  month  it  was  reported  that 
there  wa8  an  abundance  of  very  small  herrings  between  Otter  Ferry  and 
Crarae.  In  July  the  fishing  was  at  the  mouth  of  Loch  Fyne,  and  as 
many  mackerel  as  herrings  were  taken.  In  August  only  917  crans  were 
landed,  some  of  which  were  got  at  and  near  Skipness,  but  apparently  the 
greater  proportion  in  Kilbrennan  Sound.  In  September,  and  until  the 
close  of  the  season,  the  boats  fished  mostly  at  the  mouth  of  the  loch  and 
in  Kilbrennan  Sound ;  in  November  a  few  crans  of  very  small  herrings 
were  caught  at  Inverneil. 

The  aggregate  for  1875  was  much  better,  reaching  13,546  crans,  of 
which  102  were  obtained  in  the  upper  loch.  In  January  ten  crans  were 
landed,  all  caught  in  the  upper  loch,  near  Minard,  and  tbey  were  very  small 
fifih,  running  from  1600  to  2000  to  a  cran.  The  catch  in  June  was  very 
small,  only  650  crans,  and  the  herrings  were  taken  mostly  near  Skipness 
also  on  the  Cowal  shore,  and  on  both  sides  of  Otter  Spit  and  near 
Minard.  It  was  reported  that  there  was  abundance  of  small-sized 
herrings  in  the  upper  loch.  In  July  the  catch  rose  to  a  totil  of  5675  crans. 
nearly  all  caught  between  Skipness  and  Tarbert,  and  they  were  mostly 
large  and  fine  fish ;  only  45  crans  were  taken  in  the  upper  loch,  and  the 
herrings  were  small.  In  August  4069  crans  were  taken,  mostly  near 
Tarbert  and  between  Tarbert  and  Ardrishaig,  and  the  Officer  notes  that 
the  herrings  were  further  up  the  loch  than  they  had  been  for  some  years. 
The  total  in  September  was  only  425  crans,  though  the  weather  was  fine, 
and  the  herrings  were  very  small  and  inferior.  The  fishing  improved  in 
October,  when  1202  crans  were  secured,  most  being  apparently  got  about 
Skipness,  but  the  place  is  not  always  stated.  The  catch  in  November 
was  a  little  higher,  viz.,  1215  crans ;  most  of  them  were  taken  in  the  first 
week  near  Tarbert.  In  the  week  ended  27th,  the  weather  being  favourable, 
a  thorough  search  was  made,  but  only  30  crans  were  got,  and  it  was 
believed  the  shoals  had  left.  On  the  other  hand,  great  quantities  of 
herring  fry,  measuring  from  1^  to  2  inches,  were  about  Otter  Spit,  as 
many  as  from  15  to  20  being  got  in  the  stomach  of  coalfish  which  were 
caught  there.  At  the  beginning  of  December  a  small  shoal  struck  in 
near  Laggan,  and  during  the  month  295  crans  were  taken  there,  and 
between  it  and  Tarbert.  In  the  last  week  of  the  year  five  crans  of  very 
small  herrings  were  taken  in  the  upper  loch,  ranging  from  1600  to  1800 
to  a  cran.  A  feature  of  the  year  was  the  abundance  of  very  small 
herrings  in  Upper  Loch  Fyne,  and  in  the  lower  loch  also  the  quality 
was  usually  very  mixed,  small  fish  often  predominating. 

In  the  five  years  1871-1875,  the  gross  quantity  of  herrings  landed 
was  44,972  crans,  giving  an  annual  average  of  8914  crans,  thus  appor- 
tioned : — 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1,308 

2,588 

1,900 

788 

939 

786 

232 

The  percentage  for  the  months  June- August  was  65,  and  for  the 
months  October-December,  22. 

In  1876  the  aggregate  for  the  year  was  nearly  up  to  the  average,  viz., 
22,836  crans,  and  only  106  crans  of  this,  so  far  as  the  records  go,  were 
taken  in  the  upper  loch.  The  detailed  records,  however,  stating  the 
quantity  taken  in  the  upper  loch  in  each  week  come  to  an  end  in  July 
this  year,  and  it  is  probable  that  the  quantity  taken  there  was  greater.  On 
15th  January  a  trial  made  with  the  seine-net  at  Kilmichael  Beg  in  the 
upper  loch  resulted  in  a  body  of  herrings  being  enclosed,  but  only  thirty 
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crans  were  Becured ;  trials  later  in  the  month  at  Minard  were  blank.  In 
Jane  some  were  taken  in  Upper  Loch  Fyne,  and  the  fishermen  reported 
a  good  "  appearance  *'  there.  In  July  there  is  little  information,  but  on 
22nd  it  is  noted  that  the  herrings  are  widely  spread  from  a  little 
aboye  Otter  Ferry  to  Skipness  and  Ardlamont.  In  August  the  fishing 
was  all  over  the  lower  loch,  especially  between  Tarbert  and  Skipness .;  in 
September  it  was  chiefly  about  Ardlamont  aud  Skipness.  In  October 
nearly  all  the  herrings  were  lauded  at  Tarbert ;  in  the  week  ended  28th 
no  less  than  5300  crans  were  caught  about  Skipness,  and  the  quality  was 
good,  the  number  of  herrings  to  a  crau  ranging  between  700  and  900. 
In  November  a  large  body  of  herrings  still  remained  about  the  mouth  of 
the  loch,  most  being  taken  between  Skipness  and  Tarbert,  and  about 
Skipness.  None  were  caught  in  December,  the  shoal  having  gone  down 
Kilbrennan  Sound. 

In  1877  the  aggregate  catch  fell  to  19,618  crans.  There  was  no  ap- 
pearance of  herrings  in  January,  and  some  trials  which  were  made  were 
unsuccessful.  In  June,  when  2614  crans  were  landed,  herrings  were  got 
all  over  the  loch,  but  chiefly  between  Tarbert  and  Skipness.  In  July  the 
fishing  was  almost  entirely  in  the  lower  loch,  chiefly  at  the  mouth,  and  it 
thus  continued  in  August,  September,  Octpber,  and  November,  most  being 
taken  in  the  vicinity  of  Skipness.  The  fishing  fell  off  in  November,  and 
no  herrings  were  caught  in  December. 

In  1878  the  aggregate  catch  fell  to  8890  crans.  In  June  the  fishing 
was  mostly  about  the  entrance  to  the  upper  loch,  and  a  good  '*  appearance  " 
was  reported  in  the  lower  loch.  In  July,  when  most  herrings  were 
taken,  the  fishing  was  all  over  the  lower  loch,  and  as  far  up  as  Minard, 
and  the  *'  appearance  "  continued  good.  In  August  the  weather  was  very 
fine,  but  the  fishing  fell  off,  aud  scarcely  anything  was  taken  in  September 
aud  October.  In  the  first  week  of  November  trials  were  made  but  no 
herrings  taken;  in  the  next  week  good  takes  were  got  at  Skipness, 
where  a  large  shoal  was  reported  to  be ;  in  the  third  week  the  fishing  was 
between  Skipness  and  Tarbert,  and  later  up  to  Ardrishaig  and  about 
Otter  Spit,  but  it  fell  off,  and  very  little  was  taken  in  December. 

From  this  year  until  1882  there  was  a  gradual  increase  iu  the  quantity 
of  herrings  landed. 

In  1879  the  aggregate  was  21,045  crans.     In  June  and  July  the 
fishing  was  all  over  the  lower  loch,  and  best  between  Skipness  and 
Tarbert ;  at  the  end  of  June  and  in  July  herrings  were  also  got  near 
Inveraray    and    at    the   top    of     the     loch.      In   the    early    part   of 
August  the  fishing  was  over  the  upper  and  lower  loch,  but  the  best 
grounds  continued  to  be  about  the  mouth  of  the  loch  between  Tarbert  and 
Skipness,  where  large  shoals  were  seen.    Until  the  early  part  of  November 
the  fishing  continued  about  the  mouth  and  especially  near  Skipness;  later 
it  fell  ofi^  and  a  few  crans  of  very  small  herrings  were  got  in  the  upper 
loch.     None  were  caught  in  December. 

In  1880  the  aggregate  was  22,768  crans.  In  June  the  grounds  were 
between  Skipness  and  Tarbert  and  about  the  entrance  to  the  upper  loch, 
and  till  the  early  part  of  August  most  of  the  herrings  were  got  at  the 
former  locality,  and  then  also  at  Ardlamont  and  between  Ardlamont  and 
Tarbert.  During  the  rest  of  the  season  the  fishing  was  towards  the 
mouth  of  the  loch,  particularly  between  Tarbert  and  Skipness,  and  about 
Skipness,  and  the  drift-nets  were  more  successful  than  the  seines,  which 
was  not  the  case,  the  Officer  remarks,  in  the  previous  few  years.  In 
November  herrings  were  caught  in  considerable  quantities  between 
Ardlamont  and  Skipness,  and  also  between  Invemeil  and  Tarbert ;  later 
at  various  parts  of  the  lower  loch,  especially  towards  Ardrishaig  and 
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Tarbert,  and  in  December  near  the  mouth  of  the  loch  between  Skate 
laland  and  Skipness.  It  is  remarked  that  during  the  whole  season  the 
drift-net  was  more  successful  than  the  seine. 

In  1881  the  aj^gregate  rose  to  32,943  crans.  In  June  the  fishing  was 
aaccessful,  and  the  herrings  large  and  superior ;  they  were  nearly  all  taken 
by  seines.  In  the  early  part  of  the  month  they  were  got  between  Skip- 
ness and  Tarbert  and  near  Otter ;  later  also  all  over  the  upper  loch  as  far 
as  Inveraray.  In  July  the  particulars  are  scanty,  but  the  fishing  went 
on  in  both  the  upper  and  the  lower  loch.  In  August,  when  9546  crans 
were  landed,  the  fishing  was  almost  only  about  Tarbert,  little  being 
caught  in  the  upper  loch.  Till  the  end  of  October  the  fishing  was  chiefly 
between  Tarbert  and  Skipness ;  then  a  shoal  appeared  between  Ardlamont 
and  Kilfinan ;  but  in  November  and  December  the  herrings  were  mostly 
secured  between  Invemeil  and  Skipness. 

In  1882  the  catch  was  the  very  high  one  of  55,754  crans.  At  the 
beginning  of  June  some  herrings  were  taken  near  Skipness  and  Otter 
Spit ;  most  of  those  landed  were  caught  between  Skipness  and  Tarbert, 
and  at  the  end  of  the  month  some  were  taken  a  few  miles  up  the  upper 
loch,  and  the  fishermen  reported  that  the  herrings  were  gradually  finding 
their  way  up  the  loch,  and  they  expected  a  good  fishing.  In  July  7860 
crans  were  landed.  Information  is  not  given  as  to  the  place  of  fishing, 
but  it  appears  to  have  been  chiefly  in  the  lower  loch ;  in  the  first  week  it 
was  principally  about  Laggan.  In  August  it  is  stated  that  the  fishing  is 
all  over  the  lower  loch,  and  that  the  seine  has  been  the  more  successful 
all  season,  and  that  nothing  is  doing  above  Otter.  In  this  month  11,878 
crans  were  landed.  In  September,  when  8320  crans  were  taken,  the  only 
information  is  for  the  week  ended  23rd,  the  principal  grounds  then  being 
from  Ardlamont  to  Otter ;  on  the  9th  it  was  remarked  that  there  were  still 
"immense  shoals"  in  the  lower  loch.  In  October  12,663  crans  were 
landed.  In  the  week  ended  14th  it  is  stated  that  the  grounds  were  quite 
close  to  Ardrishaig,  and  that  no  herrings  were  being  got  in  the  upper 
loch ;  later,  that  the  grounds  were  from  Ardrishaig  to  Tarbert  In  the 
week  ended  28th,  5240  crans  were  landed,  3000  crans  on  one  day,  and 
both  drift-nets  and  seines  did  weU.  In  November  the  grounds  were  still 
between  Tarbert  and  Ardrishaig  chiefly,  and  11,424  crans  were  caught. 
The  fishing  fell  off  at  the  beginning  of  December,  the  shoals  having  left 
the  loch.  The  fishing  in  this  most  productive  year  was  thus  almost 
exclusively  in  the  lower  loch. 

In  1883  the  total  dropped  to  36,109  crans.  In  June  the  grounds  were 
chiefly  between  Tarbert  and  Ardrishaig,  and  3304  crans  were  landed.  In 
July,  when  8465  crans  were  taken,  the  grounds  were  between  Ardrishaig 
and  Skipness,  but  a  good  fishing  was  also  obtained  in  the  upper  loch.  In 
August  the  localities  are  not  mentioned,  but  the  grounds  appear  to  have 
extended  from  Otter  Spit  to  Skipness  and  Ardlamont ;  one  seine-net  crew 
got  a  haul  of  218  crans  of  ** splendid"  herrings,  which  realised  no  less 
than  £557.  In  September  nothing  is  said  about  the  place  of  fishing ;  a 
single  seine-net  haul  was  sufficient  to  load  five  or  six  boats,  and  realised 
jS575.  On  6th  October  the  Officer  remarks  that  "It  is  almost 
incredible  the  large  amount  of  money  the  Loch  Fyne  fishermen  have 
earned  since  the  middle  of  June.  They  never  experienced 
such  a  remunerative  season  as  this,"  and  he  mentions  that  the  price 
ranged  in  that  week  from  £2  15s.  to  X3  10s.  per  cran.  In  this  month 
most  of  the  herrings  were  got  between  Tarbert  and  Skipness,  and  also 
near  Ardrishaig.  In  November  then)  is  no  information  as  to  the  place 
of  fishing;  towards  the  end  of  the  month  the  fishing  fell  off,  and  only  12 
crans  were  landed  in  December. 


86  Fari  III. — Twenty-Jlfth  Anmud  Seport 

In  1884  the  catch  fell  below  the  average,  viz.,  to  15,756  cmns.  In 
June  there  was  a  ''  splendid  appearance  **  of  herrings  all  over  the 
lower  loch,  and  the  large  quantity  of  5154  crans  were  landed,  but  the 
localities  of  capture  are  not  mentioned.  In  July,  it  is  only  stated  that 
some  good  takes  were  got  about  Lochgair  and  Minard,  but  the  bulk  of 
the  3275  crans  landed  were  doubtless  got  in  the  lower  loch;  the 
quality  was  very  inferior,  the  herrings  being  small — the  smallest  and 
poorest  for  a  number  of  years.  The  place  of  fishing  in  August  is  again 
omitted,  but  most  herrings  appear  to  have  been  landed  at  Tarbert ;  at  the 
end  of  the  month  mackerel  were  more  abundant  than  herriugs.  In 
September  most  of  the  fishing  seems  to  have  been  in  the  neighbourhood  of 
Tarbert  and  near  Skipness  ;  mackerel  and  saith,  or  coalfish,  continued  to 
be  abundant.  In  October  little  was  caught^,  and  it  was  at  the  mouth  of 
the  loch,  and  most  of  the  boats  were  fishing  in  Kilbrennan  Sound.  In 
November  there  was  no  "appearance"  of  herrings  in  Loch  Fyne,  and 
the  trials  made  were  unsuccessful,  so  that  no  herrings  were  landed  in  this 
month,  or  in  December. 

In  1885  the  total  catch  was  above  the  average,  reaching  28,847  crans, 
most  beuig  taken  in  June  and  July.  In  June  the  catch  was  a  record 
one  for  that  mouth,  viz.,  7187  crans,  and  nearly  all  were  secured  in  the 
lower  loch,  on  the  eastern  side,  during  the  first  part  of  the  month,  and 
then  between  Ardrishaig  and  Tarbert.  Several  good  takes  were  got 
above  Otter  Spit.  In  July  7244  crans  were  landed ;  at  the  beginning  of 
the  month  there  was  a  good  "  appearance  "  all  over  the  lower  loch  and  as 
far  up  as  Minard,  but  the  localities  where  the  herrings  were  taken  are  not 
mentioned.  In  August  most  of  the  catch  was  landed  at  Tarbert,  and  tbe 
grounds  were  probably  near  the  mouth  of  the  loch ;  the  same  remark 
applies  to  September,  and  it  appears  that  several  of  the  crews  were  work- 
ing in  Kilbrennan  Sound.  In  October  the  week  ended  10th  was  the 
best  of  the  season,  3050  crans  being  taken,  and  the  place  of  fishing  was 
at  the  entrance  to  the  loch  and  about  Skipness.  Only  three  crans  were 
taken  after  17  th  October,  the  shoals  ha\dng  left,  and  the  fishing  came  to 
an  end. 

In  1886  the  catch  fell  to  15,062  crans.  On  5th  June  the  Officer 
states — ''Owing  to  the  fair  success  of  the  fishing  during  the  month  of 
May  (the  catch  to  date  being  2334  crans),  and  the  splendid  appear- 
ance of  herrings  in  the  loch,  fishermen  made  an  early  start."  Much  of 
the  fish  recorded  for  June  appear  thus  to  have  been  caught  in  May.  In 
June  the  fishing  was  near  Ardrishaig,  and  from  Tarbert  to  Otter  Ferry,  and 
also  as  far  up  as  Inveraray.  In  July  the  best  fishing  was  in  the  upper 
loch  near  Inveraray.  In  August  the  fishing  seems  to  have  been  both  in 
the  upper  and  lower  lochs ;  mackerel  were  abundant,  and  some  of  the 
seine-net  herrings  were  so  small  as  to  be  unmarketable.  In  September 
the  fishing  was  less  productive,  and  was  apparently  mostly  about  Tarbert. 
At  the  latter  part  of  this  month  the  fishing  fell  o£f ;  there  was  little 
appearance  of  herrings,  and  what  was  taken  was  got  at  the  mouth  of  the 
loch,  about  Skipness  and  the  upper  part  of  Kilbrennan  Sound,  and  the 
fish  were  small  and  inferior,  and  Uiis  continued  all  the  rest  of  the 
season. 

In  1887  the  aggregate  was  14,360  crans.  In  May  1032  crans  were 
secured,  most  being  taken  about  Tarbert  and  on  the  opposite  shore,  at  the 
entrance  to  the  upper  loch,  and  a  few  in  the  upper  loch.  In  June  they 
were  taken  chiefly  near  Ardrishaig,  about  Otter  Spit,  and  some  above 
Inveraray ;  at  the  end  of  the  month  the  Officer  notes  that  as  yet  few 
herringn  had  been  taken  below  Tarbert.  In  July  the  herrings  were 
caught  mostly  in  the  vicinity  of  Tarbert,  near  Skipness,  at  Otter  Spit, 
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and  in  the  upper  loch.  Id  August  the  catch  fell  off ;  in  the  first  week 
they  were  taken  in  the  iieighhourhood  of  Tarbert,  but  there  is  no  infor- 
mation as  to  the  place  of  fishing  from  then  till  17th  September,  when  it 
is  recorded  that  the  fishing  was  very  light  in  the  upper  loch,  and  that 
most  of  the  boats  were  fishing  in  Kilbrennan  Sound.  In  the  early  part 
of  October  none  were  taken  in  Loch  Fyne;  later,  some  were  got  near 
Tarbert  and  Ardlamout.  In  November  only  198  crans  were  secured, 
mostly  opposite  Tarbert,  and  the  fishing  ended  at  the  beginning  of 
December. 

From  1887  to  1891  the  quantity  taken  gradually  increased  each  year. 

In  1888  the  total  amounted  to  20,258  crans.  In  June,  when  1111 
crans  were  landed,  the  fishing  was  chiefly  in  the  upper  loch,  by  drift- 
nets.  In  July  the  quantity  was  7147  crans,  and  the  herrings  were 
taken  all  over  the  loch,  but  mostly  in  the  vicinity  of  Tarbert.  In  August 
8640  crans  were  landed ;  there  is  no  information  as  to  locality  for  the 
first  two  weeks,  but  for  the  remainder  of  the  month  the  fish  were  secured 
in  the  lower  loch.  In  September  the  quantity  fell  to  1919  crans,  mostly 
caught  about  Tarbert  and  Skipness.  In  October  the  quantity  was  1092 
crans,  taken  at  the  mouth  of  the  loch,  especially  near  Ardlamont.  In 
November  only  349  crans  were  obtained,  all  caught  at  the  mouth  of  the 
loch,  near  Skipness,  and  none  were  taken  in  December. 

In  1889  the  aggregate  was  29,865|  crans,  of  which  1830  crans  were 
obtained  in  June,  but  the  only  information  as  to  locality  is  that  few  were, 
caught  in  the  upper  loch.  In  July  6364  crans  were  taken,  mostly 
between  Ardrishaig  and  Skipness,  few  being  got  in  the  upper  loch.  In 
August  the  catch  was  5267  crans,  mostly  on  the  same  grounds,  and 
towards  the  end  of  the  month  off  Skipness  and  Ardlamont  Point.  In 
September  3843^  crans  were  secured,  chiefiy  off  Laggan,  about  three  or 
four  miles  south  of  Tarbert,  and  there  was  no  **  appearance ''  in  the 
upper  loch.  A  large  quantity  was  landed  in  October,  viz.,  10,125  crans ; 
in  the  first  week  most  were  caught  between  Tarbert  and  Skipness,  but  in 
the  remainder  of  the  month  the  best  fishing  was  on  the  east  side  of  the 
lower  loch,  south  of  Ardrishaig,  and  opposite  Tarbert.  In  November  the 
catch  fell  to  2436  crans,  mostly  got  between  Kilfinan  and  Ardlamont  on 
the  east  side.  In  this  year  apparently  few  herrings  were  taken  in 
Upper  Loch  Fyne. 

In  1890  the  aggregate  catch  amounted  to  38,291^  crans.  The  quantity 
landed  in  June  was  1936  crans ;  they  were  at  first  taken  in  small  numbers 
all  over  the  loch  from  Skipness  to  above  Inveraray,  then  chiefly  about 
Skipness  and  Tarbert,  and  later,  near  Ardrishaig.  On  the  21st,  it  is 
noted  that  a  large  shoal  of  herrings  had  entered  the  loch  and  were 
moving  up  along  the  west  side  towards  Ardrishaig.  In  July  the  large 
quantity  of  12,303  crans  were  landed,  which  is  the  largest  for  that  month 
in  the  records.  The  great  bulk  of  the  catch  was  got  on  the  east  side  of 
the  lower  loch,  opposite  Tarbert,  and  near  Skate  Island,  but  herrings 
were  caught  more  or  less  all  over  the  lower  loch,  while  few  were  obtained 
in  the  upper  loch.  In  August  8254  crans  were  taken,  mostly  opposite 
Tarbert,  about  Yellow  Island  and  Buck  Island.  In  September  the  catch 
fell  to  3809^  crans,  most  of  the  herrings  being  caught  about  Yellow 
Island,  and  towards  the  end  of  the  month  on  the  west  shore,  near  Laggan. 
In  October  the  catch  was  3285  crans,  taken  partly  on  the  east  side  near 
Yellow  Island,  and  between  Skate  Island  and  Ardlamont,  and  partly  near 
Laggan  and  near  Skipness.  In  November  the  catch  was  still  higher, 
viz.,  3463  crans,  near  Ardrishaig,  between  Ardrishaig  and  Tarbert,  and 
also  in  the  upper  loch,  especially  in  the  vicinity  of  Minard.  In  December 
6241  crans  were  landed,  mostly  taken  about  Otter  Spit  and  the  entrance 
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to  the  upper  loch,  in  the  apper  loch,  and  towards  the  end  of  the  month 
also  along  the  east  side  of  the  lower  loch. 

In  1891  the  aggregate  was  48,228  crans.  In  June  it  is  recorded  that 
several  dense  shoals  entered  the  loch  in  May,  and  the  hest  fishing  was 
iu  the  upper  loch,  though  takes  were  got  all  over  the  loch.  In  July, 
when  10,283  crans  were  landed,  most  were  got  between  Tarbert  and 
Ardrishaig,  between  Tarbert  and  Skipness,  about  Skipness,  and  near 
Ardlamont.  In  August  the  catch  fell  to  3783|  crans,  and  in  September 
to  3639^  crans,  the  herrings  being  taken  on  the  same  grounds  as  in  July. 
In  October  9388  crans  were  lauded,  most  of  them  being  taken  off  Castle- 
ton,  along  the  east  shore  of  the  loch,  near  Ardrishaig,  and  above  Otter 
Spit.  The  dense  shoals  which  had  entered  the  loch  in  June  had  retired 
to  deep  water,  and  were  now  breaking  up  preparatory  to  leaving  the  loch. 
In  November  the  very  large  quantity  of  11,038  crans  was  secured,  5001  in 
the  first  week  in  Kilfinan  Bay  and  between  Strachur  and  Otter  Spit,  and 
during  the  remainder  of  the  mouth,  and  particularly  in  the  last  week,  off 
Inveraray  and  at  Minard  ;  the  bulk  were  thus  taken  in  the  upper  loch. 
In  December  the  unprecedented  catch  for  that  month  of  7937  crans  was 
taken,  at  first  in  the  upper  loch  and  best  near  Minard,  then  in  the  lower 
loch  on  the  east  side,  particularly  about  Kilfinan  Hay  ;  in  the  week  ended 
31st  December,  4493  crans  were  landed,  chiefly  from  the  upper  loch,  near 
Minard. 

From  1891  to  1895  the  annual  yield  was  gradually  reduced  to  a  point 
considerably  below  the  average. 

In  1892  the  aggregate  was  not  much  lower,  viz.,  47,408||  crans.  In 
June,  when  4509  crans  were  taken,  the  herririgs  were  caught  all  over  the 
loch,  but  chiefly  between  Skipness  and  Tarbert,  and  near  Inveraray.  In 
July  9206  crans  were  landed,  takeu  all  over  the  upper  and  lower  loch, 
but  mostly  between  Skipness  and  Tarbert,  also  near  Ardrishaig.  In 
August  the  catch  amounted  to  11,129  crans,  caught  mostly  between 
Skipness  and  Laggan,  but  all  over  the  loch  as  far  as  Inveraray.  In 
September  the  total  was  8406^  crans,  by  far  the  greater  part  being  got 
between  Skate  Island  and  Ardlamont^  and  between  Tarbert  and  Skipness. 
In  October  the  catch  totalled  3641  crans,  nearly  all  from  the  upper  loch, 
and  particularly  between  Furnace  and  Inveraray.  Several  dense  shoals 
were  reported  to  be  in  the  upper  loch,  but  keeping  in  the  deep  water  in 
the  central  channel.  In  November  the  total  was  3377  crans,  practically 
all  from  the  upper  loch,  and  mostly  between  Minard  and  Strachur.  In 
December  7140  crans  were  landed,  by  far  the  greater  paii;  being  caught 
in  the  upper  loch,  between  Minard  and  Otter  Spit. 

In  1893  the  aggregate  catch  amounted  to  36,389^  crans.  In  June 
3251  crans  were  landed,  the  fishing  being  all  over  the  loch,  but  best  near 
Tarbert  and  in  the  vicinity  of  Minard.  In  July  10,802^  crans  were 
taken,  also  all  over  the  loch,  but  best  at  Ardlamont  and  on  the  opposite 
side  near  Laggan.  The  quantity  got  in  August  was  10,07 5 1  crans,  and 
the  herrings  were  caught  both  in  the  upper  and  the  lower  loch,  in  the 
latter  chiefly  about  Skate  Island.  In  September  the  catch  fell  to  2700^ 
crans,  caught  near  Skate  Island,  between  Tarbert  and  Ardrishaig,  and  in 
the  upper  loch.  The  total  in  October  was  only  705  crans ;  herrings  were 
reported  to  be  plentiful  in  the  upper  loch  between  Minard  and  Inveraray, 
but  they  stayed  in  the  deep  water,  what  were  taken  being  caught  by 
drift-nets  down  to  30  and  40  fathoms  from  the  surface.  At  the  begin- 
ning of  November  the  shoal  began  to  move  from  the  deep  water,  and 
most  of  the  4416  crans  secured  were  got  between  Minard  and  Otter,  and 
from  Minard  to  Inveraray,  chiefly  by  seines.  In  December  4439  crans 
were  taken,  mostly  about  Minard  and  Loch  Oair. 
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In  1894  the  aggregate  catch  was  slightly  greater,  viz.,  38,367  crans. 
In  June,  moet  of  the  3049  crans  got  were  apparently  taken  in  the  lower 
loch,  as  at  Skipness.  In  July  10,827  crans  were  landed,  and  they  were 
neairly  all  taken  in  the  upper  ioch,  especially  from  Minard  to  Inveraray. 
In  August  the  catch  totalled  9320  crans,  also  got  in  the  upper  loch, 
between  Crarae  and  Inveraray.  In  September  3024  crans  were  secured, 
almost  all  in  the  upper  loch,  from  Minard  to  Inveraray,  and  especially  in 
the  upper  reaches  about  and  above  Inveraray.  The  catch  in  October 
again  fell,  the  quantity  taken  being  1041  crans,  and  they  were  got  in 
the  upper  loch  in  the  vicinity  of  Inveraray  and  Strachur  by  drift-nets, 
sank  as  far  from  the  surface  as  40  to  60  fathoms,  but  the  fishermen 
stated  that  the  shoal  was  at  the  bottom  in  deeper  water.  In  November 
the  catch  was  3100  crans,  apparently  all  from  the  upper  loch;  during 
the  first  three  weeks  they  were  caught  by  drift  nets,  but  at  the  end  of 
the  month  heavy  catches  were  secured  by  seines  at  the  head  of  the  loch, 
near  Caimdow.  In  December  the  catch  was  the  high  one  of  7451  crans, 
and  they  were  taken  in  the  lower  parts  of  the  upper  loch,  from  Minard 
and  Furnace  to  Otter  Spit,  and  Ardrishaig  and  Invemeil  in  the  lower 
loch.  At  the  end  of  the  year  herrings  were  said  to  be  still  abundant  in 
the  upper  loch. 

In  1895  the  total  amounted  to  17,853  crans,  of  which  1090  crans  were 
caught  between  Ist  January  and  1st  June,  but  the  locality  and  time  are 
not  specified.  In  June  2117  crans  were  taken  all  over  the  loch,  but 
mostly  about  Tarbert  and  in  the  upper  loch.  In  July  the  catch  was 
4271  crans,  most  being  got  in  the  upper  loch.  The  total  in  August  was 
somewhat  greater,  5508  crans,  mostly  got  in  the  upper  loch,  especially 
between  Strachur  and  Caimdow,  but  also  near  Tarbert,  and  between 
Tarbert  and  Skipness.  In  September  the  aggregate  fell  to  1674  crans, 
mostly  taken  in  the  upper  reaches  of  the  upper  loch.  Only  155  crans 
were  obtained  in  October,  apparently  chiefly  about  Skipness.  In  Novem- 
ber 1800  crans  were  taken,  chiefly  in  the  upper  loch,  but  also  between 
Tarbert  and  Ardrishaig.  The  catch  in  December  was  rather  less,  1 238  crans, 
and  mostly  secured  between  Tarbert  and  Ardrishaig,  as  at  Invemeil.  In 
this  year,  therefore,  the  bulk  of  the  herrings  were  caught  in  the  upper  loch. 

The  aggregate  catch  in  1896  was  18,406  crans,  of  which  2012  crans 
were  caught  between  1st  January  and  1st  June,  without  specification  of 
locality  being  given.  In  June  the  herrings  appear  to  have  been  mostly 
caught  in  the  upi)er  loch.  In  July,  and,  indeed,  throughout  the  whole 
year,  by  far  the  larger  quantity  was  taken  in  the  upper  loch,  and  in  the 
upper  reaches  of  it ;  but  in  August  and  in  October  it  is  stated  that  catches 
were  got  near  Tarbert,  and  between  Tarbert  and  Skipness.  No  informa- 
tion is  given  for  the  first  two  weeks  in  December,  in  which  month  only 
324  crans  were  secured ;  in  the  third  week  it  is  stated  that  the  fishing  in 
the  upper  loch  was  blank,  and  that  the  herrings  taken  in  that  week  were 
got  between  Tarbert  and  Skipness.  In  the  last  week  of  the  year  there 
was  no  '*  appearance ''  of  herrings  in  the  loch.  The  bulk  of  the  catch 
in  this  year  was  again  from  the  upi)er  loch  ;  and  it  is  noted  in  the  closing 
months  of  the  year  that  the  herrings  taken  by  seine  were  very  small  and 
inferior,  the  fishermen  often  allowing  them  to  escape  as  being  too  small 
for  market. 

The  year  1897  was  the  most  productive  in  the  period  from  1863  (or 
1854)  to  1906,  and  it  is  interesting  from  the  fact  that  it  is  the  only 
instance  where  a  very  good  year  follows  a  year  below  the  average.  The 
aggregate  amounted  to  56,820  crans,  thus  apportioned : — 

To  1st  June.  June.       July.       Aug.         Sept.         Oct.       Nov.       Dec. 
849       1,756      5,876      10,797     19,900      6,316      5,763     5,563 
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The  localities  and  months  in  which  the  herrings  taken  before  June 
were  caught  are  not  mentioned.  In  June,  when  the  total  was  a  com- 
paratively small  one,  the  herrings  were  got  in  both  the  lower  and  the 
upper  loch.  In  July  there  is  no  information  in  three  of  the  weeks  as  to 
the  place  of  fishing ;  in  the  other  weeks  it  was  "  all  over  loch.*'  In 
August,  again,  when  the  fishing  was  very  successful,  no  place  is  specified, 
but  in  the  week  ended  2l8t  it  is  said  that  there  are  large  shoals  all  over 
the  loch.  The  total  for  September  was  the  enormous  one  of  19,900 
crans,  the  largest  for  any  month  in  the  period  from  1854.  In  the  two 
first  weeks,  when  9930  crans  were  landed,  the  fishing  was  "  all  over  the 
loch '' ;  in  the  next  week,  when  the  catch  was  4046  crans,  it  is  stated 
that  the  best  fishing  was  from  Minard  to  Silver  Craigs,  in  the  upper  loch, 
and  along  the  Kilfinan  shore  in  the  lower  loch ;  in  the  next  week  no 
information  is  given  and  in  the  last  week  the  fishing  was  all  over  the 
loch.  In  October  6316  crans  were  secured,  but  there  is  information  as 
to  the  places  of  capture  only  for  the  last  two  weeks,  when  most  were 
caught  off  Loch  Gair,  Silver  Craigs,  and  on  Kilfinan  shore.  In  Novem- 
ber the  catch  amounted  to  5763  crans,  the  localities  when  mentioned 
being  off  Loch  Gair  and  all  over  the  loch.  Particulars  are  given  in 
December  for  only  the  first  week,  when  2045  crans  were  taken,  mostly 
in  the  upper  loch,  from  Otter  Ferry  to  opposite  Newton. 

The  aggregate  in  1898  amounted  to  40,801  crans,  of  which  736  crans 
were  secured  before  1st  June.  In  June  4252  crans  were  caught  between 
Skipness  and  Furnace. 

In  1899  the  total  was  32,113  crans.  In  June  the  fishing  was  all  over 
the  loch,  principally  from  Skipness  to  Minard.  In  July,  when  8552 
crans  were  taken,  it  was  also  generally  distributed  from  Otter  Spit  to 
Cairndow  and  down  to  Tarbert.  In  August  it  appears  to  have  been 
chiefly  in  the  upper  loch,  as  was  also  the  case  in  September,  but  the 
information  is  meagre.  No  information  is  given  as  to  the  place  of 
fishing  from  the  week  ended  7th  October,  when  it  was  in  the  upper  loch 
mostly,  until  the  week  ended  18th  November,  when  it  was  in  the  upper 
and  lower  lochs,  especially  about  Loch  Gair.  In  December  the  herrings 
were  caught  mainly  in  the  upper  reaches  and  opposite  Tarbert. 

In  1900  the  catch  fell  to  24,743  crans.  In  June  the  herrings  were 
caught  between  Skipness  and  Otter,  and  especially  about  Otter.  In  July, 
when  7523  crans  were  secured,  the  only  information  is  for  the  week 
ended  21st,  when  the  fishing  was  best  about  Minard.  The  information 
for  the  remainder  of  the  year  is  scanty ;  in  August  and  the  first  part  of 
September  the  fishing  seems  to  have  been  chiefly  in  the  upper  loch  and 
about  Tarbert.  After  this  the  only  localities  mentioned  are  Lag^n  and 
Skipness,  Skate  Island  and  Ardlamont,  and  between  Ardrishaig  and 
Tarbert;  in  most  of  the  weeks  no  particulars  are  given. 

In  1901  there  was  a  slight  increase  in  the  aggregate,  to  29,117  crans. 
The  information  as  to  the  localities  of  fishing  in  this  year  is  very 
inadequate ;  of  the  thirty-two  weeks  included  no  particulars  are  given  for 
twenty-two  of  them.  In  June,  herrings  were  taken  near  Otter  and 
from  Otter  to  Laggan ;  in  July,  some  were  taken  near  Inveraray ;  in 
August,  Skipness  to  Tarbert  is  mentioned ;  in  September  the  fishing  was 
probably  mostly  in  the  upper  loch ;  in  November,  Otter,  Skipness,  and 
Inveraray  are  mentioned,  and  in  December,  Otter. 

In  1902  the  ag^ra^ate  was  26,339  crans.  In  June  and  July  the  places 
mentioned  are  Laggan  and  Otter;  in  August,  Laggan  and  Tarbert  to 
Skipness,  and  also  the  upper  loch ;  in  September  and  October  the  fishing 
appears  to  have  been  mostly  in  the  same  quarters;  in  November  and 
December  the  npper  loch,  near  Ardlamont,  Kilfinan  Bay,  and  latterly  near 
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Otter  are  the  places  mentioned.  In  theae  months  most  of  the  boats  were, 
howeyer,  fishing  in  the  Kyles  of  Bute. 

In  1903  the  catch  was  21,198  crans.  In  June  the  herrings  were  taken 
at  first  near  Skipness  and  Laggan,  then  from  Tarbert  to  Otter  and  at 
Otter.  In  July,  Otter  and  Laggan  are  mentioned,  and  also  the  upper 
loch;  in  August  the  fishing  was  apparently  in  the  upper  loch,  but  in 
September  the  chief  grounds  were  about  Ardlamont,  and  up  from  there 
along  the  east  side  of  the  lower  loch.  The  Officer  notes  on  5th  Septem- 
ber that  the  fishermen  thought  the  herrings  were  about  to  enter  the 
Kyles  of  Bute,  as  they  did  in  the  previous  year.  In  October  there  was 
little  "appearance"  in  Loch  Fyne,  the  fishing  chiefly  going  on  in  the 
Kyles.  In  November  only  111  crans  were  landed,  the  boats  fishing 
mostly  in  the  Kyles,  and  thus  in  Rothesay  district.  In  December  the 
quantity  taken  was  642  crans,  some  of  which  at  least  were  caught  near 
Skate  Island. 

In  1904  the  catch  fell  to  7827  crans.  In  May  it  is  noted  that  the 
herrings  had  not  yet  made  their  appearance  in  Loch  Fyne,  and  the  boats 
were  fishing  for  the  most  part  in  Kilbrennan  Sound.  In  June  the  places 
mentioned  are  near  Otter,  south  of  Tarbert,  and  the  upper  loch,  and  the 
herrings  were  apparently  chiefly  taken  in  the  upper  loch.  In  July  the 
fishing  was  mostly  in  the  upper  loch  and  south  of  Tarbert.  In  August  it 
appears  to  have  been  in  the  upper  loch  and  near  Ardlamont;  it  was  the 
same  in  September,  and  at  the  end  of  the  month  the  boats  were  fishing 
chiefly  in  the  Kyles  of  Bute,  and  about  Inchmarnock.  In  October  only 
13  crans  were  landed,  and  they  were  taken  in  the  upper  loch.  No 
herrings  were  taken  in  November,  and  in  December  the  few  caught  ware 
secured  mostly  at  Minard,  between  Minard  and  Furnace,  and  near 
Ardlamont.  ^ 

In  1905  the  catch  was  the  lowest  since  1873,  aggregating  only  4672 
erans,  less  than  is  sometimes  taken  in  a  single  week.  They  were 
apportioned  as  follow : — 

To  28th  April      May.    June.    July.    Aug.    Sept.    Oct.    Nov.    Dec. 
558  970       512      440      327      210     328     419      908. 

May  and  December  were  thus  the  best  months.  In  May  the  herrings 
were  taken  at  Otter  Spit,  near  Ardlamont  and  Skipness,  and  also  in  the 
upper  loch,  near  Minard.  In  June  some  were  taken  in  the  vicinity  of  Skip- 
ness, between  Skipness  and  Tarbert,  at  Otter  and  near  Minard.  In  July 
they  were  chiefly  caught  about  Skipness  and  in  the  upper  loch.  Those 
taken  in  August  were  secured  mostly  in  the  upper  loch,  about  Crarae  and 
off  Newton,  and  some  about  Skipness.  In  September  the  herrings  were 
taken  almost  entirely  in  the  upper  loch,  principally  near  Strachur.  In 
October  small  catches  were  got  at  Ardlamont,  Skate  Island,  Kilfinan,  and 
Skipness  in  the  lower  loch,  and  at  Strachur  and  near  Inveraray  in  the 
upper  loch.  It  was  reported  that  there  were  many  herrings  in  the  upper 
loch,  but  that  they  were  keeping  in  deep  water,  and  the  fish  were  of  a 
very  large  size.  In  November  a  few  herrings  were  got  about  Skipness 
and  Laggan  and  also  in  the  upper  loch.  In  December  908  crans  were 
taken,  mostly  about  Minard  and  Loch  Gair,  in  the  upper  loch. 

In  1906  the  catch  was  but  little  greater,  the  total  being  5258  crans,  of 
which  234  crans  were  taken  before  28th  April.  The  quantities  in  each 
month  ware  as  follows : — 

To  28th  April.      May.    June.    July.    Aug.    Sept.    Oct.    Nov.    Dec. 
234  522      706     1,022     286      699    1,484    255     50 
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In  May  the  herrings  were  caught  about  Laggan,  Kilfinan,  and  Loch 
Gair.  In  June  and  July  most  of  the  fish  were  secured  between  Skipneas 
and  Tarbert,  especially  between  Laggau  and  Skipness,  also  at  Ardlamont, 
and  in  the  upper  loch  at  the  end  of  July.  Mackerel  were  said  to  be 
plentiful  in  the  loch  in  the  latter  part  of  July.  In  August  herrings  were 
very  scarce  in  the  lower  loch,  but  some  were  caught  near  Newton  in  the 
upper  loch.  On  the  18th,  it  was  reported  that  the  shoals  which  had  been 
on  the  east  side  of  Arran  were  moving  up  towards  Loch  Fyne,  but  in  the 
next  week  it  is  noted  that  they  had  turned  back.  In  September  the 
fishing  was  mostly  in  other  districts,  especially  at  Garroch  Head  and  off 
the  east  of  Arran.  In  October,  which  was  the  best  month  of  the  year, 
the  herrings  were  secured  between  Skate  Island  and  Ardlamont,  about 
Inchmarnock,  and  between  Arran  and  Bute.  In  November  and  Decem- 
ber the  weather  was  mostly  unsettled,  and  few  herrings  were  caught.  On 
8th  Decoember  the  Officer  notes  that  the  shoal  which  had  been  lying  in 
the  upper  reaches  of  the  loch  had  left  unobserved,  the  general  opinion  of 
the  fishermen  being  that  the  herrings  had  gone  south  to  the  spawning 
banks. 

Campbdioum  and  Inveraray  DistricU  Combined, 

It  has  already  been  explained  that  these  districts  were  combined  from 
the  year  1854,  when  the  records  begin,  until  1863,  and  I  have  accordingly 
combined  in  the  Tables  (IX.-XXIII.,  pp.  114,  179),  the  totals  for  the 
two  districts  since  1863  in  order  to  allow  a  comparison  to  be  made 
as  to  the  fluctuations  for  the  last  53  years.  The  two  districts  are 
contiguous,  and  the  boats  of  the  one  often  fish  within  the  limits  of  the 
other.  The  statistics  relate  essentially  to  the  area  of  water  which  extends 
from  the  south  end  of  Kilbrennan  Sound  up  to  the  top  of  Loch  Fyne, 
and  represent  the  yield  in  this  long  stretch  of  narrow  waters.  In  the  53 
years  the  total  quantity  of  herrings  taken  in  it  amounted  to  about 
2,304,950  crans,  or  8,067,300  cwts.,  the  annual  average  for  the  whole 
period  being  43,490  crans.  If  this  period  be  divided  into  two  parts  of  26 
years  each,  viz.,  1854-1879,  and  1881-1906,  and  a  comparison  made 
between  them,  it  will  be  seen  that  the  second  half  was  all  but  twice  as 
productive  as  the  first.  In  the  years  1854-1879  the  quantity  was  775,058 
crans,  the  annual  average  being  29,810  crans,  while  in  the  years  1881- 
1906  the  quantity  was  1,469,604  crans,  with  an  annual  average  catch  of 
56,523  crans.  The  annual  average  excess  in  the  second  period  over  the 
average  in  the  first  was  no  less  than  26,713  crans,  which  shows  how  the 
herring  fishery  in  this  region  of  the  Clyde  has  been  developed.  This 
development  has  been  much  more  in  the  southern  part  of  the  area,  in  the 
district  of  Campbeltown,  than  in  Loch  Fyne. 

When  the  figures  are  arranged  in  ten-year  periods,  the  annual  averages 
for  each  period  are  as  follows : — 

1857-66     ..     29,557  1887-96     ..     57,101 

1867-76     ..     28,440  1897-1906..     51,392 

1877-86     . .     54,966 

Arranged  in  five-year  periods,  the  averages,  in  both  cases  in  crans,  are 
these : — 

1857-61  . .  27,712 

1862-66  . .  31,402 

1867-71  . .  34,689 

1872-76  ..  22,191 

1877-81  ..  43,665 


1882-86     . . 

66,267 

1887-91 

65,053 

1892-96     . . 

49,149 

1897-1901 . . 

67,083 

1902-06     , . 

35,701 
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A  comparison  of  the  tables  referred  to  and  of  the  curyes  (PI.  lY.) 
shows  that  in  certain  cases  the  fluctuations  in  the  two  districts  are  com- 
plementary, a  rise  in  one  being  associated  with  a  fall  in  the  other,  and  in 
other  instances  they  fluctuate  together,  both  rising  or  both  falling  in  the 
same  year. 

Thus  in  the  period  when  the  productiveness  of  the  fishing  in  Loch 
Fyne  was  least,  in  1872-1874,  there  was  a  rise  in  the  yield  in  the 
Campbeltown  district,  and  it  fell  agpiin  as  the  Loch  Fyne  fishing  improved, 
conditions  which  might  be  explained  on  the  assuuiption  that  shoals  which 
usually  entered  Loch  Fyne  from  Kilbreiinan  Sound  remained  in  the 
Sound  in  those  years.  The  figures  for  the  years  1871  to  1875  are  as 
follows : — 


Campbeltown. 

Loch  Fyne. 

Total. 

1871 

5,063 

13,515 

18,578 

1872 

15,432 

9,057 

24,489 

1873 

15,891 

3,648 

19,539 

1874 

15,400 

4,806 

20,206 

1875 

3,065 

13,546 

16,611 

The  same  sort  of  relationship  is  shown  in  the  years  1884-1890,  the 
number  of  crans  taken  in  the  two  districts  in  each  of  those  years  being  as 
follows : — 


Campbeltown. 

Loch  Fyne. 

Total. 

1884 

33,572 

15,756 

49,328 

1885 

36,842 

28,847 

65,689 

1886 

29,318 

15,062 

44,380 

1887 

43,535 

14,360 

57,895 

1888 

41,369 

20,258 

61,627 

1889 

32,906 

29,865 

62,771 

1890 

25,453 

38,291 

63,744 

But  in  the  years  1895  and  1896,  when  the  yield  in  Loch  Fyne  was  low, 
the  yield  in  the  Campbeltown  district  was  also  low,  viz : — 


Campbeltown. 

Loch  Fyne. 

Total. 

1895 

ir>,765 

1 7,853 

33,618 

1896 

14,973 

18,406 

33,379 

In  the  first  portion  of  the  period  of  recent  depression  in  Loch  Fyne 
(from  about  1900  to  last  year),  the  catch  in  the  Campbeltown  district 
was  above  the  average,  but  in  the  lr.st  three  years  it  fell  below  it,  as  the 
following  figures  show:  — 


Campbeltown. 

Loch  Fyne. 

Total. 

1899 

31,898 

32,113 

64,011 

1900 

40,557 

24,743 

65,300 

1901 

31,349 

29,117 

60,466 

1902 

38,016 

26,339 

64,355 

1903 

29,762 

21,198 

60,960 

1904 

12,906 

7,827 

20,733 

1905 

21,458 

4,672 

26,130 

1906 

11,070 

6,258 

16,328 

A  possible  explanation  is  that  the  shoals  that  usually  visit  the  area  did 
not  in  the  first  part  of  the  period  of  depression  penetrate  in  large  numbers 
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beyond  Kilbrennan  Bound,  and  then  withdrew  from  it  more  and  more ;  so 
that  while  the  aggregate  catch  for  the  whole  area  remained  mach  about 
the  same  at  first,  it  latterly  fell  off. 

If  we  take  the  period  of  years  from  1887  to  1899,  during  which  the 
catch  in  Loch  Fyne  was  high  above  the  average  except  for  the  two  years 
1895,  1896,  we  shall  find  the  curve  for  the  Campbeltown  district,  when 
smoothed,  forms  a  depression  of  regular  form.  The  figures  are  as 
follows : — 


Campbel- 

Campbel- 

town. 

Tjooh  Fyne. 

town. 

Loch  Fyne. 

1887 

. .  43,535 

14,360 

1894  . 

.  18,062 

30,870 

1888 

. .  39,270 

21,495 

1895  . 

.  18,339 

24,875 

1889 

. .  33,243 

29,472 

1896  . 

.  18,313 

31,026 

1890 

. .  29,786 

38,795 

1897  . 

.  20,997 

38,676 

1891 

. .  24,872 

44,643 

1898  . 

.  26,639 

43,245 

1892 

. .  21,091 

44,009 

1899  . 

.  32,091 

32,552 

1893 

. .  18,861 

40,722 

1900  . 

.  31,349 

24,743 

In  one  or  two  years,  and  notably  in  1882,  quantities  much  above  the 
arerage  were  taken  in  both  districts;  in  that  year  the  highest  recorded  for 
the  Campbeltown  district  was  landed  (43,609  crans),  and  the  second 
highest  for  Jjoch  Fyne  (55,754  crans),  the  aggregate  for  the  two  districts 
being  99,363  crans. 

The  Gltdb  Area. 

According  to  the  weekly  returns;  the  aggregate  quantity  of  herrings 
taken  in  the  five  districts  which  comprise  the  whole  of  the  Clyde  area 
since  1854  has  amounted  to  3,314,585  crans,  or  about  1 1,601,000  cwts., 
the  annual  average  for  the  period  being  62,540  crans.  Comparison 
between  the  first  twenty-six  years  and  the  last  twenty-six  years  shows 
that  the  herring  fishery  has  been  much  more  productive  in  the  latter 
period. 

Tears.  Grans  Landed.      Average  per  annum. 

1854-1879     ..     1,254,902  48,270 

1881-1906     ..     1,950,849  75,030 


£xcess     ..         695,947  26,760 

If  the  statistics  are  arranged  in  ten  year  periods,  the  annual  averages 
come  out  as  follows : — 

1857-66     ..     46,225J  1887-96     ..     74,523J 

1867-76     ..     51,454J  1897-1906..     67,518 

1877-86     . .     81,523i 

And  the  averages  for  periods  of  five  years  are  : — 

1857-61  . .  32,955 

1862-66  . .  59,496 

1867-71  . .  68,417 

1872-76  . .  34,492 

1877-81  . .  73,315 

The  maximum  quantity  landed  in  any  one  year  waa  in  1882,  when  the 
aggregate  amounted  to  119,130  crans;  and  the  total  was  over  100,000 


882-86 

89,732 

1887-91  . . 

93,212 

1892-96  . . 

55,835 

1897-1901 . . 

74,495 

1902-06  . . 

60,541 
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crans  on  other  five  occasions,  viz.,  in  1880,  1883,  1890,  1891,  and  1902. 
The  minimum  quantity  was  17,080  crans  in  1854  ;  in  1861  the  quantity 
was  20,307  crans,  and  in  1904  it  was  29,992  crans. 

The  curve  formed  from  the  annual  figures  (PI.  lY.)  shows  that,  in  the  first 
twenty-six  years,  the  only  years  in  which  the  quantity  of  herrings  landed 
was  above  the  mean  for  the  whole  period  were  1862,  and  1865  to  1870  ; 
in  the  second  twenty-six  years,  the  only  years  below  the  mean  for  the 
whole  period  were  1886,  1893,  1895,  1896,  and  1904-1906.  he 
periods  of  greatest  scarcity  were  from  1871  to  1878,  and  especially 
1873-1875;  1893  to  1901,  and  1904  to  1906.  The  mean  annual 
quantities  in  those  years  were  as  follows: — 


Crans. 

Crans. 

1871-78     . . 

37,510 

1895-96     . 

.     39,380 

1873-75     . . 

30,458 

1904-06     . 

.     40,132 

1893-1901.. 

64,079 

It  is  not  intended  at  present  to  enter  in  any  detail  into  the  fluctuations 
of  the  catch  of  herrings  from  year  to  year  in  the  various  districts  of  the 
Clyde,  but  attention  may  be  drawn  to  one  or  two  features  of  interest. 

One  of  these  relates  to  the  penetration  of  the  upper  reaches  of  the 
Clyde  by  shoals  of  herrings,  as  described  in  the  foregoing  accounts  of 
the  districts.  Thus,  if  the  tables  and  curves  for  the  Rothesay  and 
Greenock  districts  be  examined,  and  the  foregoing  account  referred  to, 
it  will  be  evident  that  large  shoals  of  herrings  penetrated  to  the  upper 
parts  of  the  Clyde  in  the  years  1864-1872.  In  1862  a  few  herrings 
were  taken  in  the  Kyles  of  Bute  and  Loch  Kiddon  in  November  and 
December,  but  the  total  only  amounted  to  109  crans.  In  the  autumn  of 
the  following  year,  and  especially  in  December,  much  larger  quantities 
were  caught  in  the  lower  parts  of  the  Kyles  and  in  Loch  Riddon ;  in 
1864  the  shoals  appeared  in  greater  numbers,  fishing  in  the  Kyles 
beginning  at  the  latter  part  of  September  and  continuing  to  the  end  of 
December,  the  herrings  in  this  year  penetrating  to  Loch  Striven  and 
Port  Bannatyne,  but  none  apparently  reaching  the  northern  lochs 
(Loch  Long,  Loch  Goil),  and  the  fishing  ending  in  December.  In  1865 
the  same  thing  is  repeated,  shoals  setting  into  the  Kyles  about  the  middle 
of  September,  penetrating  to  Loch  Striven  and  Port  Bannatyne,  and  a 
successful  fishing  going  on  to  the  end  of  January.  In  1 866  a  similar 
movement  occurs,  but  in  this  year  the  herrings  penetrate  at  the  end  of 
November  and  the  beginning  of  December  to  Loch  Long.  In  1867  the 
fishing  was  in  the  Kyles  and  the  northern  lochs.  Up  to  this  year  it 
appears  to  he  probable  that  the  herrings  made  their  way  to  the  north 
by  the  Kyles  of  Bute,  extending  farther  and  farther  up  the  Clyde.  But 
in  1868  the  herrings  coming  from  the  south  seem  to  have  come  by 
another  route  to  the  east  side  of  Bute,  and  the  grounds  this  year  were  in 
the  Qreenock  district,  opposite  that  town,  and  also  in  Lochs  Long  and 
Goil.  In  1869  both  routes  appear  to  have  been  followed,  abundance  of 
herrings  being  taken  in  the  Kyles,  in  the  northern  lochs,  and  off 
Greenock.  In  1870  the  fishing  was  much  less  successful,  and  was  chiefly 
in  Loch  Striven,  the  northern  lochs,  and  in  the  channel  of  the  Clyde, 
and  in  this  year  the  herrings  appear  to  have  come  by  the  eastern  route. 
In  1871  comparatively  little  was  taken  in  the  Kyles,  the  herrings  being 
chiefly  in  the  northern  lochs  and  the  channel  of  the  Clyde,  and  the  total 
catch  was  much  diminished.  In  1872  the  catch  was  still  less  and 
chiefly  in  the  northern  lochs,  while  in  the  following  year  the  shoals 
did    not    visit    either    the    Kyles    or    the    lochs,   and  did  not  come 
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back  for  many  years.  The  quantities  of  herrings  taken  in  October, 
November,  December,  and  January  in  each  season  irere  as  follows,  in 
crans : — 


Rothesay  District  . 
Oreenock  District  . 

1863-64 
3,655 

1864-65 
33,428 

1865-66 
37,896 

1866-67 
37,257 

1867-68 
18,346 

Rothesay  District  . 
Greenock  District  . 

1868-69 

7,984 

32,685 

1869-70 

20,285 

14,657 

1870-71 

15,400 

1,635 

1871-72 
9,376 
1,100 

1872-73 
7,585 

The  records  of  the  Rothesay  district  show  that  in  the  years  1887-1891 
herrings  were  again  got  in  considerable  numbers  in  Lochs  Long,  Goil, 
Striven,  and  in  the  Kyles,  but  in  these  years  they  were  taken  in  the 
early  part  of  the  season,  and  there  was  no  productire  winter  fishing  in 
the  region  till  1902.  In  that  year,  in  the  months  of  November  and 
December  and  in  January  1 903,  between  28,000  and  29,000  crans  were 
caught  in  the  Kyles  of  Bute  and  Loch  Bidden.  In  1903  the  shoal 
again  entered  the  Kyles  about  the  middle  of  October,  and  from  then  till 
the  end  of  January  about  19,000  crans  were  taken.  At  the  end  of 
September,  1904,  the  herrings  again  visited  the  Kyles  and  Loch  Riddon, 
but  disappeared  from  those  waters  about  the  middle  of  October ;  and  in 
the  following  year  there  was  practically  no  fishing  in  the  Kyles,  the 
chief  fishing  being  between  the  Ayrshire  coast  and  Arran.  In  August 
and  September,  1906,  the  principal  fishing  ground  was  also  close  to  the 
east  side  of  Arran,  from  which  the  shoals  moved  northwards,  and  a  con- 
siderable winter  fishing  was  established  opposite  Greenock  and  in  the 
Gareloch  in  the  winter  1906-7.  It  is  of  interest  to  note  that  after  an 
interval  of  about  thirty-six  years  the  shoals  should  again  penetrate 
at  the  end  of  the  year  to  the  upper  reaches  of  the  Clyde. 

One  fact  of  considerable  interest  that  is  brought  out  is  that  the 
lluctuations  in  two  successive  years  are  rarely  extreme ;  it  is  uncommon 
for  a  very  good  year  to  be  followed  by  a  very  bad  one,  or  for  a  very  bad 
year  to  be  followed  by  a  very  good  one ;  the  rule  being  for  several  years 
in  succession  to  be  bad  or  good.  An  examination  of  the  curves  of  the 
annual  yield  of  the  various  districts  will  make  this  clear.  Thus,  as  above 
described,  the  shoals  of  herrings  frequented  the  upper  reaches  of  the 
Clyde  in  the  winter  months  for  a  number  of  years  from  1863  on,  and 
gradually  withdrew.  The  curve  for  the  Ballantrae  district  also  shows 
the  abundant  shoals  that  visited  that  part  of  the  coast  in  the  years  1878 
to  1881,  and  again  in  1883-1885,  and  the  great  scarcity  in  the  years 
from  1892  to  1899. 

The  curve  showing  the  annual  fluctuations  in  Loch  Fyne  deserves 
special  attention.  It  will  be  seen  from  it  that  as  a  general  rule  the  good 
years  and  the  bad  years  come  in  groups,  and  that  only  on  one  occasion, 
1897,  a  very  good  year  follows  a  year  in  which  the  yield  was  below  the 
average.  The  years  in  which  the  yield  was  above  and  below  the  mean 
for  the  whole  period  from  1863  to  1906  may  be  arranged  as  follows, 
those  below  the  line  representing  the  years  below  the  average,  and  those 
above  it  the  years  above  the  average  : — 

1865-70       1881-83       1885       1889-94       1897-99       1901-02 
1863-64      1871-80      1884       1886-88      1895-96      1900      1903-06 
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An  exuninatioD  of  the  curve  (PI.  II.)  shows,  moreorer,  that  the  recent 
period  of  depreeaioa  cloxely  resembles  that  which  began  in  1871,  the 
years  1872-1874  being  very  similar,  both  in  regard  to  absolute 
quantities  of  the  herrings  caught  and  in  relation  to  one  another,  to  the 
years  1904-1906.  It  will  also  be  seen  that  in  the  various  periods  there 
are  never  more  than  two  very  bod  years  in  snccessiou,  vis.,  1873-1874, 
1666-1887,  1896^1896.  Judging,  therefore,  from  all  these  circamstances, 
it  may  with  some  probability  be  inferred  that  the  catch  in  1907  will  be 
higher  than  in  1906,  though  likely  still  under  the  average.* 

Id  order  to  be  able  to  compare  the  extent  of  the  annual  fluctuations  in 
the  yield  of  herrings  in  Loch  Fyue  with  the  fluctuations  on  other  parl«  of 
the  coast,  I  have  had  tables  prepared  showiug  for  the  period  for  which 
statistics  are  available,  1889-1906,  the  annual  yield  and  the  percentage 
above  and  below  the  mean  catch  for  two  East  Coast  districts,  Aostruther 
and  Peterhead,  Loch  Carroo,  and  for  the  whole  Clyde,  the  whole  of  the 
West  Coast,  and  the  whole  of  the  East  Coast. 

Tablb  showing  the  Total  Quantity  of  Henintja  Caught  (in  Onns)  per  year 
from  1889  to  1906,  and  the  Per«ent^e  above  or  below  the  average 
catch  for  the  period  given. 


Year. 

ANsraoTHia. 

PwaaHBAi.. 

LocB  Cakroh. 

Mean,  27,739  Crana, 

Mean.  1 

44,003  Crans. 

Mean,  28,057  CraOB. 

Total 
Crans. 

u 

Total 
Crans. 

Total 
Crans. 

11 

ii 

1889 

20,069 

27-7 

167.706 

16-6 

36,882 

31-5 

1^90 

7,419 

73-3 

159.986 

111 

39,782 

41-8 

1 

10.989 

60-4 

115.251 

20-0 

41,465 

47-8 

2 

10.037 

638 

157,949 

37-5 

24,108 

1*4-1 

3 

29,995 

s'l 

200,871 

395 

63,890 

127-7 

4 

15,495 

44'l 

181,953 

26-4 

34,199 

21-9 

5 

12,863 

63  7 

168.958 

17  3 

41, ew 

480 

6 

13.155 

52-6 

166.897 

159 

26,110 

■6'9 

14,500 

47-7 

77,847 

46-9 

68'8 

8 

9, 7  lit 

6B-0 

192,622 

33-8 

is!  565 

65-2 

9 

23,644 

U-B 

63,821 

65-: 

37,418 

33-4 

1900 

47,590 

71-0 

83,276 

56-1 

60,816 

116-8 

1 

47,369 

70-8 

68.124 

&2-7 

31,319 

11-6 

2 

57,654 

107-6 

147.216 

2-2 

8,307 

70-4 

3 

38,694 

39-5 

133.890 

■fo 

18,927 

32-5 

4 

44,625 

60-9 

172,645 

19-9 

14.254 

49-2 

5 

45,531 

64-1 

161.945 

12  5 

2,480 

91-2 

6 

50,059 

eo'4 

191,092 

32-7 

1,225 

95-6 

n  (1907)  it  conndemblr  above  tha 
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Loch  Ftnb. 

Wholb  Cltde. 

Wmt  Coast. 

East  Coast. 

Mean,  29.09*  Crans. 

Mean,  69,519  Cra.nB, 

Mean,  222,314  Crane. 

Mean,  698,007  Cniu. 

Year. 

Total 

u 

li 

Total 

CranB. 

!i 

U 

Total 
Cranfl. 

H 

y 

Total 

Crw.s. 

li 

I 

1889 

29.8651 

27 

87,357 

25-7 

193,711 

12-9 

814.550 

16-7 

1890 

38.291} 

316 

102,733 

47-8 

283,093 

27-3 

758,258 

6-e 

48.228 

65-8 

I06.774i 

53 '6 

357,772 

00-9 

flS0,27B 

«< 

2 

47,408} 

m-9 

74,940 

7-8 

249,042 

12-0 

748.684 

i'z 

3 

36.389i 

•25-1 

57,691 

ITK) 

266.093 

19-7 

902.385 

29  3 

.18,3«7 

31 '9 

67,783i 

2-5 

189,483 

u-s 

B07.935 

15-7 

5 

17,853 

ris'-fl 

40,3.12. 

42-0 

198,071 

10-9 

777.426 

11-4 

6 

18,40e 

mi 

38,428 

44-7 

169.835 

23 '6 

807,136 

15-6 

7 

66,820 

953 

8fi,»9« 

26'-2 

229,669 

3-3 

429,62? 

M4 

S 

40,801 

<0-2 

68.357 

"i-7 

249,732 

12-3 

370,695 

34-5 

9 

32,113 

10-4 

71.1101 

2-3 

215.823 

2-9 

434.957 

m 

1900 

24,743 

151) 

72,835 

4-9 

238,967 

7-5 

436,573 

17* 

29.117 

004 

73,0781 

5-1 

202.983 

8-7 

560,376 

U'l 

2 

26,339 

g-fl 

100,397 

44-4 

232.553 

'4-6 

783,0-J4 

15-0 

3 

21.198 

27t 

81.905 

17-8 

203.(125 

8-4 

680,476 

l« 

4 

7.827 

731 

29,992 

56^9 

185.7it4 

16-4 

781,886 

12-0 

5 

4.672 

839 

36,802 

i7-l 

177,(M6 

20-4 

660,929 

■-I 

e 

r.,258 

81-9 

53,601 

22-9 

\^.:m 

38-8 

768,929 

10-2 

The  mean  annual  quantity  for  Loch  Fyne,  Anatruther,  and  Loch  Camin 
district  is  very  much  the  same,  and  it  will  be  seen  that  the  range  of 
variation  from  the  mean  in  different  yeara,  or  the  amount  of  annual  fluctua- 
tion, is  greater  in  the  Loch  Carron  district  than  in  Loch  Fyne,  while  it 
is  practically  the  same  in  the  Anatruther  district  as  it  is  in  Loch  Fyne, 
One  may  conclude,  theretore,  that  the  fluctuations  in  Loch  Fyne  are  not 
abnormally  great,  and  are  such  as  might  be  expected  under  natural 
conditions. 

It  may  be  noted,  further,  in  connection  with  the  flactuatioos  in  Loch 
Fyne  that  the  bad  years,  in  which  the  quantity  of  herringa  caught  is 
amail,  are,  as  a  role,  characterised  by  a  scarcity  of  herrings  in  the  later 
months  of  the  season.  This  is  shown  in  the  following  table  showing  the 
percentage  proportions  taken  per  month  over  the  whole  period,  and  in 
the  best  and  the  worst  years : — 

June.  July.  Aug.  Sept.  Oct.  Nov.  Dec. 

1863-1906..                91     22-4  237  16-36  12  1       9-1  58 

Five  best  yeara     ..       6-1     17-2  181  201  lO*  12-8  8-8 

Four  woret  yeai-s . .      162     252  91  133  U-8       3-8  6-2 

In  the  whole  period  the  mean  proportion  taken  in  the  last  three  months 
is  27  per  cent,  of  the  whole ;  in  the  five  best  yeara  it  is  37  percent.,  and 
it)  the  four  worst  years  it  is  23.8  per  cent. 

Thb  Ihfldknoe  op  TBI  Moon  om  thb  Catoh  of  Hkrbinqs. 

It  is  a  common   opinion  that  the  change*  of  the   moon   have  an 

influence  on  the  oatohea  of  herrings,  and  since  the  weekly  reports  offered 
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an  opportunity  for  the  examination  of  the  question,  a  table  has  been 
prepared  (p.  190)  in  which  are  shown  the  catches  in  the  weeks  in 
which  the  new  moon  appeared  and  in  the  weeks  in  which  there  was  a  full 
moon,  for  the  years  1860-1900,  for  the  Inveraray  district  It  appears 
from  the  table  that  on  many  occasions  the  catches  in  the  week  of  full 
moon  were  greater  than  in  the  following  or  preceding  week  in  which  the 
moon  was  new,  bat  it  is  evident  that  the  opposite  was  the  rule,  since  the 
aggregate  quantity  taken  in  the  weeks  of  full  moon  amounted  to  215,152 
crans,  while  in  the  weeks  of  new  moon  the  aggregate  quantity  was 
293,035  crans.  Some  are  of  opinion  that  the  tides  really  influence  the 
catch  of  herrings,  but  a  more  obvious  circumstance  is  that  moonlight 
renders  the  nets  more  visible,  and  this  is  especially  so  with  the  seine-net, 
so  that  quantities  of  herrings  escape  capture.  It  sometimes  happens, 
indeed,  that  on  clear  moonlight  nights  the  seine-fishers  refrain  from 
shooting  their  nets  or  even  from  going  to  sea,  a  fact  which  has  no  doubt 
an  important  bearing  on  the  figures  above  quoted. 


EXPLANATION  OF  PLATES. 

Plate  L— Chart  of  the  Clyde  area,  showing  the  localities  referred  to  in  the 
various  districts. 

Plates  IL-IV. — Diagruns  showing  the  annual  fluctuations  in  the  catch  of 
herrings  in  the  various  districts,  and  in  the  Clyde  as  a  whole,  with  the  mean  catch 
for  periods. 

PlATES  V.-Xn. — Diagrams  showing,  on  the  same  scale  throuffhout,  the 
monthly  quantities  of  herrings  taken  in  each  year  in  the  various  distncts,  and  in 
the  Clyde  as  a  whole. 
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11^ 

4963 

130 

9429 

24 

9453 

181 

24441 

75| 

24fil«) 

1820 

31 

271 BJ 

837 

SI 

42 

40!fl 

S688 

a 

U2 

11235 

65  111290 

161 

26698 

7251 

273^3) 

43 

223? 

3e4i 

60' 

2S01      16441 

133 

-5SJ) 

83)1  7668 

158 

15740) 

1076 

168Ui 

2 

31 

1110 

114 

1224 

40 

3371        92? 

429? 

98 

60S2 

64     6136 

105 

8262 

17 

826? 

8 

32 

2«0« 

74 

2680 

31 

2816*    1340 

S960( 

112 

fi647t 

42J    6690 

109 

2697 

154 

12851 

2g 

2287 

2237 

37 

2870 

3661 

6531 

131 

162     9598 

114 

175831 

43) 

17627 

r. 

38 

1508 

150S 

21 

1199 

1244 

99 

86.^71 

8     86661 

83 

9980) 

9080) 

e 

31 

2001) 

2091 

24 

1479 

293 

1772 

11661 

53  '11704 

U016 

11015 

7 

29 

28721 

74 

2748 

20 

1.W7 

369 

1926 

107 

9747) 

59 

9S061 
1)284^ 

96 

11104 

1110* 

a 

14 

2SS4 

2334 

H 

isesj 

81 

aflP9| 

86 

11284^ 

88 

12478) 

12478} 

e 

18 

3046 

mi 

IB 

2B891 

73 

11224 

11221 

S6 

15073; 

160721 

1880 

n 

272S 

56 

2779 

17 

1521 

621 

2142 

76 

12332 

12332 

90 

11722 

11722 

1 

15 

8434) 

34344 

17 

3582 

161 

3743 

66 

8976) 

8976 

77 

13191) 

13191) 

a 

23 

4853 

W-3 

33 

4909 

682) 

5692 

101 

12799 
8822 

12806 
8946 

94 

16662 

16663 

8 

15 

S158 

3158 

15 

3099 

295* 

IBWi 

63 

124 

9& 

12817) 

128171 

4 

13 

1844 

2051 

2060 

46 

81 1)9 

8109 

73t 

10522 

76 

10597 

6 

9 

1163 

282 

1446 

39 

9404 

9404 

61 

10002) 

loors) 

5 

7 

1015 

2691 

3606) 

42 

10581 

'.'.'. 

10581 

76 

12294i 

12294) 

15 

1871 

3093 

3964 

40 

15045) 

16045) 

77 

15281 

15281 

8 
B 

::: 

3 

480 

2563 

1611 

3043 
1611 

32 
24 

11689 
S640) 

11689 
8640) 

7S 

65 

16177 
17409) 

210 

9i 

16SS7 
17413 

1840 

3 

268 

4269 

4512 

77 

183221 

1832» 
180941 

122 

2S904 

260 

291&1 

1 

2 

166 

1897 

2062 

18094; 

124 

^494 

150 

28644 

2 

1285 

1285 

98 

17893 

17893 

97    20609 

110 

20719 

8 

2 

254 

3482 

3736 

88 

20596 

20596 

86  1214121 
79    15312 

1472 

228S4) 

Z* 

120 

1164 

12St 

43 

14196 

14106 

732 

1604? 

c 

14 

406 

773 

1179 

44 

14470 

14470 

82 

16802: 

1120 

180134 

a 

S 

343 

4257 

4600 

44 

15580 

16530 

64 

1365 

176^ 

7 

3 

298 

3703 

4001 

34 

9977 

9977 

46 

12428! 

3120 

16543{ 

8 

S 

230 

2863 

3083 

44 

15454 

16154 

45 

11900 

482 

123^ 

9 

... 

... 

6 

511 

4797 

5308 

64 

15057 

16957 

80 

222821 

223 

Z2S0H 

18W 

1 
2 

;:: 

::: 

::: 

::: 

::: 

34 

81 
58 

lOSOSi 

103621 
20420 

15306 

67 
65 
73 

12293 
10409 
8859 

2000 
41)93 
1786, 

14298 
H602 

106461 
137941 

S 

71 

257841 

257841 

76 

13456 

m2* 

i 

26 

12410 

12410 

63 

72W 

8456 

B 

36 

18785 

'23 

18808 

70 

10188 

»6I 

"Si 

S 

49 

19075 

1B076 

65 

6666 

929 

7 

17 

23541 

2354 

47 

6349 

349 

MS^ 

S 

14 

3366 

3366 

45 

9781 

1005 

107M 

B 

12 

18566 

18556 

43 

6788 

1102 

7890 

*  Now  inclndea  Islay. 
Non^-Fma  ISOO  (o  ISU  tl»7«u' 


t  Now  fndadM  Ayr.  Irrine,  ka.         t  Pn">>  6th  April  1844  to  5tli  Jkn.  184G. 
I  YsM-  now  ends  31it  Dscember. 
■ndM  OB  6tli  April ;  in  18i4i  only  nine  moutin  ua  incliidMl,  viz.,  (ran  Stt 


of  tht  Fiehery  Board  for  Scotland. 


torn 

bhe 

Fioherr,  with  the  Number  of  BureU  of 

Hemmpi  Cured 

on 

Boud 

:   •too. 

Vmnber  Cured,  ii  the  Firth  of  Clyde  DiHtrioto,  in  each  yaw  1809-1906. 

S-oor. 

ISVBUAR,1T. 

KltTHEBAV, 

DliMFBFia*' 

Tdtal. 

Veoeh. 

1  = 
|1 

h 

¥ 

Veswls. 

It 

Vewols. 

1  = 

l1 

jl 

VoMela. 

Si 

i 

It 

¥ 

No 

ji 

No 

11 

No 

1 

No 

11 

1809 

10 

3961 

^ 

20841 

132 

14246 

145 

14390 

H2 

44014 

1016 

45929 

leio 

15 

1712 

3058 

4770 

132 

23043 

33 

Z3076 

i82 

64432 

3146 

87578 

1 

23 

2334 

32331 

56671 

209041 

200041 

J77 

721171 

41B0J 

76S83 

3 

12 

1286i 

4012i 

5299: 

113 

20392 

263B2 

lS5 

81958 

86118} 

24 

1284 

4312^ 

&4B8. 

136 

7092 

847 

7439 

■9 

932 

8941 

16361 

i24 

32261 

B33? 

3750P 

4 

2680 

6160 

88*0 

1B3 

16030J 

617J 

166471 

861 

2613 

336? 

iOO 

68869 

9655 

B9G14 

.'. 

297721 

9067 

'JSI 

86 

9170 

568 

9738 

8 

482 

1668 

-2048 

194 

S33861 

IIHO 

65326) 

a 

Zi 

3014 

73 

7474 

416 

23131 

28-28! 

t70 

wotT 

8891) 

56H21 

7 

21091 

42881 

bstT 

109 

13767 

674i 

144411 

13 

938 

933 

1870 

i29 

664S01 

7817 

782671 

8 

2S 

1794 

3920 

6714 

91 

1229o| 

9lrt 

10686 

17 

1406 

2B8J 

17641 

134 

63698; 

60971 

89796' 

s 

23 

S491i 

43741 

6768 

69 

470] 

12761 

18 

16561 

171; 

18JS 

198 

57544, 

S3827 

IS30 

26 

4311 

■2328 

6639 

90 

16388 

3397 

18765 

23 

33421 

491 

33331 

i!6 

ti81691 

101-211 

78681 

I 

20 

3832 

1467 

6099 

81 

10629 

1204 

11833 

30* 

734 

183 

W 

S16 

43067 

5950^ 

490071 

■2 

10 
1* 

781  j  1302* 
1180      1226^ 

2406; 

66 
67 

7008 
9771 

1064 

2036 

8070 
11806 

28 
29 

7261 

34ir 

257 
2S80 

9821 
5791 

)84 

263071 
38928 

37361 
725? 

SOO44' 
461S4 

B 

ISB!        998 

26^ 

61 

148371 

352 

151891 

19 

3340 

321 

33721 

100 

51055 

5230 

66-294 

13 

38U    1331 

1712, 

EO 

12380 

100 

12380 

U 

1203 

1203' 

no 

35208. 
37380; 

1484 

40419! 

a 

9 

666     2304i 

3289 

83 

»0GOi 

2291 

9280 

10 

nasi 

169 

1287. 

J72 
IH 

3039 

7 

S 

fl&3i'  1819 

2472; 

42 

11530 

207 

11737 

14 

I8O7; 

472 

2279; 

89073 

3000 

43072 

8 

6 

6AB  1  1248 

1B07 

122341 

1-22341 

10 

1311 

1479 

<A\ 

421681 

1600 

43668) 

9 

10 

IS6B     1650} 

35111 

51 

1C3B9 

16399 

12 

1998 

SO 

2078 

!7I 

5269p 

16351 

54332) 

1b30 

7 

aiBi'  1463 

22691 

41 

96981 

96981 

9 

18-20 

854 

2674 

251 

40033 

2984 

13617 

1 

S 

IKiS     I03r. 

2260 

3G 

9134 

9134 

10 

21781 

21781 

!26 
126 

41121 

1796 

42917 

2 

e 

1190 

3708 

4898 

54 

19943 

■30 

19973 

12 

3219 

3210 

M376 

1427) 

97803) 

3 

« 

ef»i 

S627J 

4687 

52 

2<:i4821 

79 

206611 

16 

3343 

3343 

281 

62682) 

4125 

668W^ 

7 

ii2s; 

2832 

3761 

16316 

105 

15421 

17 

32611 

32611 

195 
161 

40182 

S018 

43200 

S 

3 

883 

2307 

2990 

41 

16S81 

2550 

1B131 

8 

1910 

1910 

101341 

51391 

46374 

G 

676 

36.'.8: 

!gS| 

40 

3285 

19091 

17691 

1769) 

177 

9514^ 

61677 

7 

3G4 

744* 

60 

19942 

IB942 

7 

1564 

1564 

iOO 

i4067l 

9637 

S359ri 

8 

3 

863i 

7040 

7904' 

43 

20145 

38021 

3-294:, 

11 

2662 

-2582 

167 

sieie 

12616 

94532) 

40578) 
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1 

303 

2922 

3225 

33 

17119 

17119 

6 

1666 

1665 

129 

46137 

44411 

1S40 

B 

3539 

4022 

75811 

46 

moi 

18401 

11 

3075 

3075 

168 

7-24944 

SMI) 

81036 

1 

9 

1928 

6370 

S2S8     40 

148431 

148431 

8. 

2415 

2115 

i51 

65940 

8417 

2 

fl 

2957 

8531 

6488 

31 

10127 

234 

10361 

9 

3476 

2478 

■41 

SI063 

6160 

3 

0 

4e4£l 

4036 

8882 

31 

11678 

309 

11987 

7 

2084 

2034 

i22 

60870 

0299 

4 

44I6J 

4588 

9004 

33 

9699 

110 

9809 

12 

3764 

2764 

179 

465001 

6594 

63101 

6 

11 

4782^ 

4201 

89831 
10003; 

36 

9109 

464 

9563 

14 

2965 

836 

3800 

»] 

4S626' 

7383 

M008 

a 

10 

343? 

6ft67i 

■25 

6845 

289 

6134 

13 

3394 

1152 

4446 

161 

44712 

1S63W 

68313 

7 

B 

2608 

51SI 

7857 

23 

4648 

244 

4890 

8 

1884 

671 

2565 

123 

31899 

18^ 

B 

7 

18241 

4244) 

6038 

20 

SI 

9498' 

e 

lSl3i 

16301 

3344 

134 

34409 

BlIO 

B 

8 

13985 

166091 

7 

1933 

1-275 

3208 

»9 

61804 

30380 

7208*1 

18B0 

H7 

14731 

IHliBj 

17628 

26 

60171 

60471 

134 

301811 

181191 

43331 

1 

38 

8697 

26638 

i5325 

37 

4361 

949 

5313 

iOi 

43890 

31670 

75560 

2 

3 

20 

as 

,S! 

11801 
218741 

12254) 
23730 

11 
24 

847 
32261 

1370 

2217 

ffi! 

182 
209 

25462 
43330 

149801 
26W2 

40123 
693721 

« 

44 

15791 

19053 

30S32) 

26 

1413* 

9871 

161 

23695 

13898' 

S 

30 

2338 

265581 

1574 

3500 

f^c? 

165 

32785 

iio3a 

63818 

4201 

J1005J 

35206^    27 

1910 

243:1 

4373 

176 

30882 

34367 

85250 

7 

45 

8020 

J1132 

29152     26 

36291 

2608 

5135. 
5271 

134 

9353 

43340 

il 

9165 

22398 

31563     20 

3386 

1886 

24 

366881 

26288 

500761 

f    ' 

41 

2988 

26062 

38760     23 

1654 

3193 

3847' 

119 

39686 

39357 

59043 

•  Now  inclndoi  DnmfrtM.  +  Noi 

41  to  Gth  Jannar;  1815  ;  trom  ISIS  to  1851  tha  jmx  midad  a 


InclmdM  Cunpbaltown. 
L  6th  Jan.,  ind  hou  1863  it  ended  Oi 
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Part  III. — Twenty-fifth  Annual  Report 


TABLE  f.- 

Showing  the  total  Number  of  Veesels,  including  their  repeated  Voyages,  entered  Inwards  from  th« 

Herrings  Cured  on  Shore,  and  the  Total  Number  Cured, 


Ayr,  Irvinb, 
Saltooatb. 

A.ND 

Camfbxltown. 

Glasgow. 

Qrbbnock,  itc. 

Vefwls. 

1 

MS 

Vessela 

1  . 
§  2 

JS 

Vessels. 

1- 
H  s 

^ 

Vessels. 

-s 

Year. 

1% 

30 

li 
35 

li 
35 

It 

i 

No. 

•>  . 

No. 

OB 

No. 

m    . 

No. 

lE 

3 

^ 

A5 

&" 

s 

Is 

ffl 

^ 

la 

pS 

& 

iseo 

•  •  • 

«  tt  • 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

11 

13461 

•  •  • 

13461 

47 

6312^ 

1615 

7927i 

1 

•  •  • 

•  •  ■ 

« •  ■ 

•  ■  • 

•  •  • 

6 

10849 

■  •  • 

10849 

84 

4212 

227 

4438 

2 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

14 

20287 

•  •  • 

20287 

49 

11387i 

562 

119^ 

8 

•  •  • 

6 

188 

1991 

2179 

4 

8140 

96i 

82361 

19 

2754 

127 

2881 

4 

•  •  • 

11 

624 

26601 

S274i 

9 

10601 

•  •  « 

10601 

26 

4031 

171 

42S2 

5 

•  •  • 

19 

456 

2267 

2712 

6 

14796 

•  •  • 

14796 

36 

4120) 
5497} 

981 

5101) 
6286) 

6 

•  ■  • 

18 

686 

17631 

28991 

9 

12623 

120 

12643 

47 

789 

7 

•  •  • 

14 

1270 

2450 

8720 

9 

12627 

8079 

20706 

30 

5135 

•  •  • 

6185 

8 

•  «  • 

6 

819 

14121 

1781i 

9 

12464 

28300 

40764 

18 

5687 

33884 

39421 

9 

■  •  • 

9 

898 

5545 

5948 

6 

14690 

9500 

24090 

8 

9103)22681 

31784) 

1870 

•  •  • 

2 

108 

6293 

6396 

•  •  • 

7168 

236 

7404 

10 

6812) 
90561 

3401 

10213) 
12196) 

1 

•  •  • 

1 

•  •  • 

5711 

6711 

« •  • 

7487 

235 

7722 

8 

3140 

2 

8 

184 

6852 

6536 

•  •  • 

2108 

•  •  • 

2108 

7 

1607 

256 

1868 

8 

•  •  • 

4 

125 

16488 

16618 

•  •  • 

2410 

■  •  • 

2410 

6 

1124 

756 

1880 

i 

•  •  « 

4 

141 

18671 

18712 

•  •  • 

2898 

•  •  • 

2898 

4 

1459 

844 

2803 

6 

•  •  • 

9 

147 

6280 

6427 

« •  • 

■  •  • 

6 

3242 

919 

4161 

6 

•  •  • 

1 

12 

11899 

11411 

•  •  • 

•  •  • 

4 

1880 

1814 

8694 

7 

•  •  • 

2 

78 

18220 

18298 

•  ■  • 

•  •  • 

6 

2132) 

1527 

8659) 

8 

•  •  • 

4 

217 

18187 

18404 

•  •  ■ 

•  •  • 

4 

3838 

688 

4521) 

0 

... 

5 

158 

867891 

86947i 

•  •  • 

... 

10 

4279 

1816 

6095) 

1880 

•  •  ■ 

7 

488 

44850 

44788 

•  •  • 

•  •  • 

6 

7439 

2418 

9867 

1 

•  ■  • 

4 

81 

28862 

23943 

•  •  • 

■  •  • 

6 

8656 

1248 

990S 

2 

•  •  • 

2 

264 

58241 

63505 

•  •  • 

•  •  • 

8 

16050 

3949 

19999 

8 

•  •  • 

•  •  • 

•  •  • 

49089 

49089 

•  •  ■ 

•  •  • 

6 

3649) 
12007) 

2314 

5963) 

4 

•  •  • 

1 

82 

40921 

40953 

•  •  • 

•  •  • 

3 

3909) 

lf917 

6 

•  •  • 

•  •  • 

•  •  • 

44791 

44791 

•  •  • 

tt  •  ■ 

4 

7893 

8443 

16386 

6 

•  •  • 

1 

555 

41687 

42192 

•  •  • 

■  •  • 

3 

2026 

2026 

7 

•  ■  • 

2 

719 

56678 

67397 

•  •  • 

tt  •  • 

2 

3619 

3619 

8 

•  •  • 

•  •  • 

•  •  • 

49282 

49282 

•  •  ■ 

•  •• 

2 

9504 

9504 

0 

•  •  • 

1 

4299 

45883 

50182 

•  •  • 

•  •  ■ 

4 

18267 

18267 

1890 

•  •  • 

2 

5759 

4770 

10529 

«  •  • 

•  •• 

2 

11165 

11165 

1 

•  •  • 

1 

6037 

16439 

22476 

•  •  • 

•  •• 

2 

22458 

22458 

2 

•  •  • 

•  •  • 

•  •  • 

10946 

10946 

•  •  • 

•  •• 

2 

•  •• 

8 

•  •  • 

•  •  « 

84 

14863 

14447 

•  •  • 

•  •  • 

2 

•  •• 

4 

•  •• 

•  •  • 

928 

16489 

17362 

•  •  • 

•  •  • 

•  •• 

•  •  ■ 

•  •• 

6 

•  •• 

•  •• 

•  •  • 

1202 

1202 

•  •  ■ 

•  •• 

•  ft  • 

•  •  • 

6 

•  •  • 

•  •  • 

«  •  • 

828 

828 

•  •  • 

•  •• 

8 

11367 

11367 

7 

•  •• 

1 

80 

556 

636 

•  •  • 

«  •  ■ 

6 

21583 

21683 

8 

•  •  • 

•  •  • 

•  •• 

851 

851 

•  •  • 

•  •  • 

6 

17401 

17401 

9 

•  •  • 

•  •  • 

«  •  • 

1800 

1800 

•  •  « 

•  •  • 

7 

26896 

26896 

1900 

•  •  • 

1 

•  •  • 

1014 

1014 

•  •  • 

•  •• 

4 

26350 

25850 

1 

•  •  • 

•  •  • 

69 

888 

907 

•  •  • 

•  •  • 

4 

26287 

26287 

2 

•  •  • 

•  •  • 

•  •  • 

892 

892 

•  •  • 

•  ■  • 

2 

30858 

30858 

8 

•  ■  tt 

•  •  • 

•  •  • 

1168 

1163 

•  •  • 

•  ■  • 

2 

28837 

28837 

4 

•  •• 

•  •• 

•  •• 

116 

116 

•  •• 

•  •• 

... 

20199 

20199 

5 

•  •• 

•  •• 

•  •• 

607 

607 

•  •• 

•  •• 

••« 

27322 

27322 

6 

•  •• 

•  •• 

•  •• 

800 

800 

•  •• 

•  •« 

... 

23511 

28611 

of  tka  Fishery  Board/or  Scotland. 
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TNVBRtRAT, 

ROTHESAV. 

DoMvaaa. 

Total, 

Ves»le. 

•a 

^ 

V 

luels. 

S 

_a 

VeaieU, 

|1 

J, 

VfflBolH. 

■2 

. 

o| 

i^ 

P 

I 

No. 

I 

No 

11 

No 

Is 
15 

No 

n 

f 

1S60 

50 

3226 

29632 

32757 

26 

6981 

8721 

7419) 

[34 

23697 

37868 

91565 

1 

61 

3702 

19104J 

22807 

931 

1517 

2148 

99 

19694 

208481 

10543 

2 

68 

8*4^ 

46715 

55161 

16 

1613* 
^■79 

2512 

4025 

146 

11634 

19788 

01423 

3 

•37 

1080 

i8360i 

194391 

11 

1832 

4911: 

14 

1341 

is'ii 

04 

165911 

22397 

38988) 

36 

2212 

13593 

15805 

23 

4878 

222631 

271419  IS 

21B5 

2195 

118 

24591 

38678 

9836S 

& 

34 

412 

23784S 

21196^ 

30 

918] 

^260 

201789  14 

191* 

1016 

2029 

139 

22615 

53297! 

76912) 

6 

68 

2796 

247!0' 

27516 

31 

3431 

287f7 

32191 

21 

167S 

382 

1961 

182 

26465J 

56631 

S2097 

7 

58 

3563 

13134 

36607 

21 

4313 

21200 

28513 

14 

2222 

2222 

146 

29130 

S7E63 

W993 

8 

33 

loss 

11697 

43356 

17 

2357i 

8712 

110691 

19 

1711 

1711 

102 

240971 

iiseu) 

138053 

S 

« 

8378 

30838 

39211 

17 

1166 

15230 

16696 

19 

1368 

1808 

100 

36301 ; 

83794 

IIWM) 

ISTO 

2S 

1444 

20066 

21610 

13 

1308 

16996 

18301 

11 

lOOS 

27 

1030 

65 

17838, 

17019 

648671 

12 

18066 

U396 

29452 

10 

871 

8890 

9764 

12 

1146 

1146 

73 

36C19; 

29372 

659911 

22 

244S 

7S40 

10385 

6 

493 

0716 

11239 

8 

277 

277 

46 

25294 

32108° 

3 

32 

4487 

5785i 

10272, 
7136i 

a 

676 

3388 

3964 

087 

47 

9109 

264171 
Z8&36J 

35S2S) 

i 

25 

1307 

6828! 

10 

985 

2842 

11 

278 

151 

729 

54 

70B8 

360041 

6 

22 

109S 

13267 

14356 

IS 

673 

3757 

1430 

5 

S2B 

9617 

10576 

6089 

33880 

30919 

6 

16 

I7068i 

14125 

31183; 

15 

486 

5810 

6290 

4 

490 

6071 

0561 

40 

19926 

39219 

50146) 

7 

■JS 

14119 

B2131 

23332 

9 

316 

3168 

3483 

6 

433 

10261 

106S7 

51 

17077 

123821 

18116^ 

69460 

8 

44 

3856 

10145 

13800 

12 

692 

1637 

2329 

3 

350 

17193 

17843 

67 

8752 

56898 

9 

26 

15900i 

17930J 

S3S37 

10 

189 

7243 

7132 

128 

25300 

J512S 

51 

20d65 

39086" 

106740 

1880 

21 

23430 

6754 

30183 

13 

518 

0137 

10686 

1 

11* 

31292 

31106 

47 

31978 

»4g5i 

26620 

1 

34 

Z6I45 

14674 

40019 

6 

1063 

S403 

1466 

17390 

17390 

39 

35241 

00177 

06721 

2 

32 

2B4S6 

6fi35B 

H1861 

9 

1009 

0107 

11116 

13101 

13401 

51 

46SI8 

136057 

82876 

3 

18 

S288g 

18606 

51191 

266 

3069 

3334 

26501 

20601 

22 

451601 
2413(^ 

10117*1 
7M00^ 

46335 

4 

16 

il404 

10111 

21616 

12 

687 

3640 

4327 

14019 

1401S 

31 

98731 

5 

7 

1129 

15260 

26379 

6 

503 

2662 

3465 

27671 

27671 

17 

19526 

99117 

18812 

2 

314 

18091 

18406 

1 

11 

2aS9 

2050 

47CIO 

1760 

2906 

66527 

90433 

7 

1 

10 

1580S 

15818 

3 

129 

1795 

1921 

B881 

0S81 

8 

4477 

84162 

S8639 

S 

3 

364 

J0794 

21168 

121 

1179 

1300 

9696 

9696 

8 

9989 

80901 

MSeo 

9 

30702 

30702 

6 

600 

694 

119* 

7788 

7788 

10 

18166 

84067 

03133 

law 

1060 

loeo 

7 

719 

621 

1310 

1822 

1322 

9 

6178 

7773 

4261 

1 

1763 

1763 

605 

962 

1467 

IBO 

490 

7 

29000 

19651 

8664 

3 

1166 

I1S6 

4 

650 

560 

140 

140 

3 

12802 

2802 

3 

"8 

1*41 

1449 

3 

845 

345 

6 

"92 

16149 

6241 

4 

::; 

31 

1763 
116 
241 

179* 
116 
241 

4 

962 

165 
399 

962 
165 
399 

490 

490 

12 

951 

9661 
1483 
2338 

2338 

7 

2709 

9123 

12132 

3 

m 

616 

954 

10 

3097 

32207 

16304 

S 

2016 

1197 

3212 

201B 

8949 

JOOOl 

» 

'.'.'. 

S8 

886 

924 

2 

663 

1204 

1767 

'.'.'. 

.'.'. 

■'2 

691 

30286 

»877 

IMD 

1876 

1876 

2 

608 

682 

1090 

80 

80 

7 

608 

28902 

!0410 

14 

1292 

1306 

a 

291 

643 

934 

135 

135 

6 

371 

2B195 

19660 

3110 

SI  10 

210 

2866 

3106 

136 

135 

210 

37360 

7600 

3186 

3186 

■3 

161 

1502 

1656 

95 

95 

6 

154 

34782 

<4636 

184 

184 

605 

506 

27 

27 

21031 

fioai 

318 

S18 

182 

182 

108 

108 

28537 

»537 

233G 

2836 

773 

773 

., 

67 

26076 

»078 

*  Now  •lolndM  CMopbaltaini 
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Part  m. — Tweniy-fiflh  Annual  Report 


TABLl 

Showing  the  Number  of  Boats,  whether  decked  or  undecked,  employed  in  the  Firth  of  Clyde 
and  Boys  by  whom  the  said  Boats  were  manned,  together  with  the  Number  oi 


Atr,  Irvini,  and 
Saltcoats. 

Campbbltown. 

Glasgow. 

Grbbnock. 

Year. 

Number  of 

s  . 

Number  of 

CO 

0  • 

Number  of 

is- 

Number  of 

s . 

1? 

-o 

TO 



-o 

1 

lit 

1  d 

t^ 
U 

1 

9^ 

• 

1 

1^ 

• 

IS 

1 

it 

• 

P>4  3 

82 

S 

O 

H 

s 

S 

H 

P"^ 

S 

S 

H 

^^ 

S 

o 

H 

1825 

275   1 

M 

509 

190 

593 

37 

917 

4 

96 

300 

900 

20 

2070 

6 

99 

441 

36 

619 

187 

578 

52 

986 

... 

4 

112 

285 

855 

17 

2021 

7 

188 

545 

32 

744 

216 

607 

57 

976 

.  •• 

3 

121 

264 

792 

21 

2000 

8 

188 

545 

32 

748 

212 

610 

67 

952 

4 

187 

250 

750 

21 

1992 

9 

126 

472   ! 

29 

684 

226 

666 

73 

1020 

4 

156 

245 

725 

19 

1856 

1880 

125 

464 

30 

679 

261 

771 

71 

1181 

3 

155 

240 

710 

25 

1781 

1 

90 

831   ! 

24 

502 

265 

878 

71 

1204 

3 

159 

240 

720 

27 

1793 

2 

92 

341   ! 

28 

509 

272 

1015 

70 

1239 

5 

150 

247 

741 

26 

1828 

8 

88 

324   : 

25 

522 

889 

1166 

86 

1445 

5 

158 

264 

792 

25 

1847 

4 

887 

1199 

78 

1457 

4 

187 

852 

1116 

50 

2369 

6 

379 

1240 

87 

1502 

4 

132 

365 

1144 

44 

2349 

6 

400 

1231 

113 

1587 

5 

135 

387 

1199 

41 

2465 

7 

392 

1214 

77 

1448 

6 

152 

875 

1110 

36 

2374 

8 

410 

1271 

66 

1508 

5 

152 

870 

1076 

25 

2188 

9 

505 

1599 

62 

1839 

5 

139 

383 

1110 

31 

2299 

1840 

517 

1643 

76 

1919 

6 

154 

455 

1291 

88 

2892 

1 

518 

1642 

59 

1899 

7 

161 

504 

1437 

48 

8208 

2 

422 

1558 

48 

2028 

7 

160 

489 

1209 

32 

2506 

8 

462 

1687 

81 

2601 

7 

163 

518 

1280 

46 

2401 

4 

468 

1658 

75 

2510 

9 

164 

471 

1194 

43 

2048 

5 

588 

1806 

75 

2671 

7 

167 

476 

1183 

45 

1972 

e 

588 

1836 

135 

2778 

8 

155 

491 

1170 

38 

2038 

7 

589 

1890 

121 

2772 

10 

147 

493 

1172 

30 

1982 

8 

546 

1930 

129 

2644 

9 

187 

478 

1200 

35 

1829 

9 

517 

1806 

111 

2391 

9 

142 

496 

1302 

34 

1984 

1850 

■  •  • 

48 

97 

13 

261 

539 

1603 

*1<^ 

2422 

1 

•  •  • 

45 

88 

16 

251 

592 

1827 

32 

2468 

2 

•  ■  • 

45 

9& 

18 

239 

603 

1893 

29 

2517 

8 

•  •  • 

47 

92 

19 

255 

587 

1883 

34 

2537 

4 

•  •  • 

41 

82 

20 

244 

591 

1828 

33 

2580 

5 

•  •  • 

85 

78 

19 

593 

581 

1608 

31 

2965 

6 

•  •  • 

28 

60 

21 

577 

585 

1545 

82 

2711 

7 

•  •  • 

26 

60 

20 

576 

562 

1413 

31 

2529 

8 

•  •  • 

•  •  • 

23 

60 

20 

? 

551 

1276 

34 

! 

9 

■  •  • 

21 

52 

20 

•  •  • 

542 

1212 

32 

•  •• 

1880 

•  •  • 

21 

89 

20 

506 

1099 

86 

•  •  • 

1 

•  •  • 

^ 

21 

39 

20 

510 

1097 

32 

•  •• 

2 

•  •  • 

21 

40 

20 

498 

1082 

42 

•  •  • 

8 

3f70 

1112 

36 

21 

39 

20 

188 

425 

17 

•  •  • 

4 

412 

1187 

36 

29 

69 

27 

186 

427 

20 

5 

407 

1140 

46 

87 

107 

27 

191 

475 

25 

•  •  • 

6 

433 

1229 

47 

32 

110 

27 

189 

469 

30 

7 

455 

1278 

48 

80 

100 

29 

192 

469 

26 

8 

448 

1214 

45 

32 

100 

29 

188 

525 

18 

•  •  • 

9 

\ 

453 

1123 

48 

110 

280 

29 

•  •  •* 

421 

935 

22 

•  •  • 

*  The  total  iucludes  the  fluhermen  and  ftsh-curers,  and  also  the  following : — (1)  The  number  of  ooopen 
number  of  labourers.  After  1898  it  includes  also  fishmongers,  hawkers  of  fish,  clerks,  persons  ffatherii^ 
penons  employed  on  board  vessels,  curing,  exporting,  and  ciurying  herrings  and  other  fish,  or  importing 


of  (Ad  Fishery  Board  for  Scotland. 
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istricts  in  the  Shore- ourinff  Herring  and  Cod  and  Linff  FisherieR,  with  the  Number  of  Men 
iah-curers,  and  the  Total  Number  of  Persons  employea*  in  each  year  1825-1906. 


[NTBRARAY. 

ROTHISAT. 

Stbaniuir,  ko. 

Totals. 

fear. 

Number  of 

It 

Number  of 

81 

Number  of 

s . 

Number  of 

/\  o 

'9 

Is* 

tj 

I& 

'V 

1^ 

'2 

1 

335 

^6 

1^ 

1 

5  • 

• 

2:1 

1 

S  " 

ofl5 

|i! 

1 

1 

4 

*3. 

1* 

1825 

1005 

39 

1369 

246 

768 

22 

1023 

143 

553 

46 

673 

1296 

4094 

202 

6657 

6 

346 

1038 

71 

1525 

243 

758 

24 

980 

152 

589 

42 

701 

1424 

4515 

256 

7531 

7 

867 

1101 

71 

1631 

287 

861 

22 

1246 

152 

609 

50 

813 

1812 

4259 

246 

6894 

8 

377 

1100 

73 

1536 

275 

825 

17 

1195 

128 

538 

51 

782 

1880 

4363 

265 

7842 

9 

375 

1095 

69 

1596 

278 

819 

16 

1195 

132 

607 

54 

872 

1877 

4384 

264 

7879 

1830 

370 

1080 

67 

1579 

279 

837 

15 

1202 

147 

655 

56 

963 

1428 

4521 

272 

7671 

1 

371 

1085 

60 

1521 

276 

828 

16 

1176 

92 

400 

509 

1834 

4242 

210 

6864 

2 

403 

1203 

66 

1689 

279 

837 

18 

1195 

94 

402 

507 

1887 

4539 

221 

7117 

8 

419 

1244 

61 

1770 

289 

867 

15 

1219 

76 

294 

11* 

479 

1475 

'4687 

228 

7440 

4 

418 

1254 

55 

1769 

801 

903 

16 

1256 

74 

381 

11 

542 

1532 

4853 

214 

7680 

6 

425 

1275 

58 

1786 

299 

897 

16 

1250 

68 

302 

451 

1536 

4858 

211 

7470 

6 

441 

1303 

30 

2057 

297 

891 

17 

1244 

56 

312 

459 

1581 

4986 

213 

7947 

7 

451 

1353 

32 

2116 

300 

917 

19 

1266 

79 

414 

564 

1597 

5008 

176 

7920 

8 

454 

1362 

29 

2143 

2t9 

808 

80 

981 

78 

317 

391 

1581 

4834 

161 

7268 

9 

454 

1362 

26 

2140 

263 

786 

34 

931 

84 

430 

508 

1689 

5287 

162 

7866 

1840 

1020 

2893 

32 

4382 

269 

816 

33 

946 

90 

438 

.547 

2851 

7076 

192 

10640 

1 

1028 

2917 

37 

4512 

278 

845 

36 

972 

88 

878 

491 

2416 

7219 

198 

11238 

2 

1074 

3077 

53 

4720 

289 

897 

36 

990 

94 

436 

551 

2868 

7177 

181 

10966 

8 

1080 

3076 

35 

4704 

278 

875 

41 

1057 

191 

620 

881 

2529 

7538 

214 

11807 

4 

1120 

3196 

36 

4825 

278 

848 

35 

988 

191 

620 

895 

2528 

7516 

205 

11426 

6 

1150 

3306 

40 

4950 

281 

848 

27 

1084 

20^ 

633 

11 

941 

2695 

7776 

205 

11786 

6 

1201 

3529 

41 

5293 

238 

832 

27 

967 

205 

633 

11 

942 

2718 

8000 

260 

12168 

7 

1268 

3916 

34 

5487 

232 

701 

24 

826 

208 

680 

6 

1009 

2790 

8859 

225 

12228 

8 

1283 

4024 

38 

5634 

219 

779 

18 

839 

208 

680 

9 

1012 

2734 

8618 

238 

12096 

9 

1288 

4024 

16 

5612 

217 

814 

35 

902 

219 

703 

8 

1048 

2782 

8649 

213 

12079 

1860 

1445 

4689 

142 

6574 

227 

855 

30 

955 

2259 

7244 

211 

10212 

1 

1445 

4689 

142 

6574 

281 

702 

81 

818 

2813 

7306 

221 

10101 

2 

1185 

3838 

67 

5260 

495 

1616 

100 

2289 

2828 

7485 

214 

10806 

8 

1086 

3292 

70 

4536 

567 

1727 

73 

2291 

2287 

6994 

196 

9619 

4 

1062 

3189 

65 

4368 

561 

1624 

76 

2118 

2255 

6728 

194 

9260 

5 

i045 

3084 

70 

4442 

557 

1654 

66 

2822 

2318 

6424 

186 

10822 

6 

1024 

3025 

82 

4320 

534 

1613 

62 

2632 

2171 

6248 

197 

10240 

7 

1023 

3022 

74 

4387 

.554 

1684 

40 

2668 

2165 

6179 

165 

10160 

8 

999 

2915 

74 

T 

562 

1723 

36 

2185 

5974 

164 

9 

1072 

2944 

105 

•  •  • 

553 

1816 

43 

2188 

6024 

200 

1800 

995 

2698 

80 

542 

1816 

29 

2061 

5652 

165 

1 

1071 

2671 

84 

520 

1727 

82 

2122 

5534 

168 

o 

1114 

2578 

111 

609 

1511 

28 

2142 

5211 

201 

8 

1046 

2446 

73 

29t 

794 

29 

m 

684 

12 

2229 

5500 

187 

4 

1135 

2648 

83 

292 

766 

48 

316 

697 

13 

^371 

5794 

227 

5 

1150 

2678 

91 

287 

659 

49 

320 

710 

17 

2392 

5769 

255 

6 

1181 

2744 

107 

292 

668 

42 

337 

756 

17 

2464 

5976 

270 

7 

1273 

2801 

130 

367 

697 

87 

340 

760 

18 

3647 

6105 

288 

8 

1370 

2977 

153 

37^ 

787 

31 

347 

773 

18 

2768 

6376 

294 

9 

872 

1916 

127 

47f 

1073 

31 

361 

798 

15 

2685 

6119 

272 

\)  the  number  of  persons  employed  in  getting,  packing,  re-paoking,  cleaning,  or  drying  tbe  fish  ;  (8)  the 
kit  and  baitiDg  lines,  boat-builders,  persons  making  and  menaing  nets,  persons  manufacturing  bmrel  staTes, 
kit,  stave  wool,  \nd  hoope. 
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PaH  III. — Tweniy-Jifth  Awn/iud  Report 


TABLE  II.- 

Showing  the  Number  of  Boftta,  whether  decked  or  undecked,  employed  in  the  Firth  of  Clyde 
and  Boys  by  whom  the  said  Boats  were  manned,  together  with  the  Number  of 


Atb,  Irvimi,  and 
Saltcoats. 

Campbeltown. 

Glasgow. 

Gbbbnook. 

Number  of 

fl   e 

Number  of 

a  • 

Number  of 

s  . 

Number  of 

s . 

Year. 

h 

u 

Eh 

11 

11 

ii 

1 

1  • 

1^' 

• 

1 

Si 

"^6 

i 

Si 

•4  i 

• 

Si 

^1 

ii 

1870 

•  •  • 

•  •  • 

•  ■  • 

•  •  « 

473 

1088 

41 

1665 

159 

360 

29 

1166 

408 

829 

16 

1311 

1 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

481 

1098 

43 

1673 

137 

342 

25 

1146 

371 

706 

15 

448 

2 

•  •  ■ 

■  •  • 

•  •  • 

•  •  • 

489 

1178 

42 

1646 

136 

860 

24 

1168 

346 

602 

11 

1064 

8 

•  •  • 

»  •  • 

•  »  • 

•  •  • 

497 

1187 

46 

1704 

119 

306 

24 

1069 

297 

614 

11 

954 

4 

■  •  ■ 

•  •  • 

•  •  ■ 

•  •  ■ 

491 

1174 

46 

1679 

106 

291 

24 

1077 

285 

487 

12 

924 

5 

•  •  • 

•  ■  • 

•  •  ■ 

■  •  • 

499 

1226 

37 

1676 

•  •  • 

•  •  • 

•  •  • 

■  •  ■ 

339 

656 

38 

1709 

6 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

499 

1312 

36 

1749 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

308 

599 

32 

1628 

7 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

541 

1824 

86 

1806 

•  •  • 

•  •  k 

•  •  • 

•  •  ■ 

325 

580 

27 

1672 

8 

•  •  • 

•  •  • 

•  •  » 

•  •  « 

667 

1626 

88 

1969 

»  •  • 

•  •  • 

■  ■  • 

•  •  • 

283 

549 

28 

1609 

9 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

616 

1603 

39 

2124 

•  •  • 

•  •  » 

•  •  • 

•  •  • 

292 

641 

28 

1605 

1880 

•  •  • 

•  •  • 

»  •  » 

•  »  • 

889 

1607 

46 

2187 

•  •  ■ 

•  •  • 

•  •  • 

•  •  » 

299 

641 

27 

1622 

1 

•  •  ■ 

•  m  • 

•  •  • 

•  •  ■ 

692 

1684 

36 

2132 

•  ■  • 

■  •  • 

•  •  • 

•  •  • 

316 

624 

29 

1620 

2 

•  •  « 

■  •  • 

•  •  V 

■  •  • 

631 

1628 

39 

2217 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

318 

528 

31 

1618 

8 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

672 

1746 

40 

2358 

•  •  • 

■  •  • 

•  ■  • 

•  •  • 

311 

522 

31 

1607 

4 

•  •  • 

•  •• 

•  •  m 

•  •  • 

693 

1729 

42 

2447 

•  •  • 

•  ■  • 

•  •  • 

•  •  • 

306 

499 

33 

1480 

5 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

706 

1798 

37 

2470 

•  •  • 

•  •  » 

•  •  • 

•  •  • 

294 

457 

38 

1406 

6 

•  ■  • 

•  •  ■ 

•  •  • 

•  •  • 

682 

1776 

56 

2519 

•  •  • 

■  •  • 

•  •  » 

•  •  • 

305 

435 

31 

1415 

7 

•  •  • 

•  •  • 

■  •  ■ 

•  •  • 

698 

1790 

60 

2603 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

306 

458 

33 

1859 

8 

•  •• 

•  •  • 

•  •  • 

•  •  • 

646 

2186 

44 

2966 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

286 

469 

34 

2268 

9 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

626 

2061 

60 

2886 

•  •  • 

»  •  • 

•  •  ■ 

•  •  • 

270 

427 

32 

1685 

1890 

•  •• 

•  •  • 

•  •  • 

•  •  •   1 

632 

1978 

61 

2869 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

241 

412 

32 

2164 

1 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

638 

1797 

66 

2866 

•  •  ■ 

•  » • 

»  •  • 

•  •  • 

228 

387 

32 

2166 

2 

•  •  • 

•  •  • 

•  %  • 

•  •  ■ 

635 

1676 

60 

? 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

313 

4S1 

81 

? 

8 

•  •• 

•  •  • 

•  •  • 

•  •  • 

666 

1486 

88 

? 

•  •  • 

•  •  • 

•  •  ■ 

•  #• 

307 

493 

31 

? 

4 

•  •  • 

•  •  • 

•  •• 

•  •  • 

692 

1461 

32 

2770 

•  •  • 

•  •  • 

•  •  • 

•  •• 

303 

488 

27 

8757 

6 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

682 

1419 

24 

2621 

•  •  • 

•  •  • 

•  •  • 

■  •  ■ 

^03 

564 

22 

4010 

6 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

468 

893 

7 

1864 

•  ■ « 

•  •  • 

•  •  • 

•  •  • 

287 

679 

19 

4680 

7 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

377 

866 

10 

1877 

•  •  « 

•  •  ■ 

•  •  • 

•  ■  • 

292 

593 

28 

4799 

8 

•  ■  • 

•  •  • 

»  •  • 

•  •  • 

382 

860 

12 

1406 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

828 

602 

28 

6470 

9 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

384 

828 

11 

1362 

•  •  • 

•  ■  • 

•  » • 

•  •  • 

317 

540 

30 

4888 

1900 

•  •  • 

•  ■  • 

•  •  • 

■  •  • 

386 

810 

9 

1868 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

337 

679 

80 

4144 

1 

•  •  ■ 

•  •• 

•  •  • 

«  •  • 

3H2 

796 

10 

1186 

a  •  • 

•  •  • 

■  ■  • 

•  •  • 

337 

579 

28 

4129 

2 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

379 

780 

10 

1179 

•  •  • 

•  •  • 

»  •  • 

• »  • 

278 

514 

28 

4876 

8 

«  » • 

•  •  • 

•  •  • 

•  •  • 

373 

776 

12 

1118 

•  ■  • 

•  •  a 

•  ■  ■ 

•  •  • 

268 

491 

27 

4363 

4 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

385 

771 

17 

994 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

239 

471 

27 

4391 

6 

•  •  • 

•  •  « 

•  •  • 

•  •  • 

366 

760 

16 

1066 

•  •  • 

•  •  • 

•  ■  • 

•  •  ■ 

216 

415 

34 

4391 

6  ... 

•  •  •          •  •  • 

•  •  • 

358 

762 

16 

1000 

•  ■  • 

•  •  • 

■  •• 

■ »  • 

221 

398 

34 

4418 

*  The  total  includee  the  fishermen  and  fish-curen*,  and  also  the  following :— (1)   'Vhe  number  of  cooper^ 
number  of  Ial)Ourerff.      After  1898  it  includes  also  nnhmonffen,   hawkers  of .  fish,   clerks,   persons  gatherio( 
persons  employed  ou  board  vessels,  curing,  exporting,  and  carrying  herrings  and  other  fish,  or  importing 
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Iktrieta  in  the  Shore-curing  Herring  and  Cod  and  Ling  Fisheriee,  with  the  Number  of  Men 
kh-oorers,  and  the  Total  Number  of  Persons  employed*  in  each  year  1825-1906. 


INYIRARAT. 

ROTfllSAT. 

Stranrabr,  kc. 

TOTAUB. 

Number  of 

s  . 

Number  of 

S  . 

Number  of 

a_, 

Number  of 

M    9 

Year. 

11 

k 

li 

1 

s « 

-  >* 

1 

Mi 

1 

"2 

4 

& 

s& 

l| 

11 

Eh 

1870 

968 

2172 

103 

2870 

524 

1099 

30 

1846 

497 

888 

11 

1466 

3029 

6436 

230 

10224 

1 

962 

2160 

96 

2816 

568 

1160 

24 

1898 

479 

849 

8 

1400 

2998 

6304 

211 

9275 

2 

953 

2100 

84 

2731 

579 

1150 

14 

1885 

480 

849 

6 

1398 

2983 

6239 

181 

9872 

3 

934 

2050 

70 

2624 

663 

1114 

13 

1762 

485 

852 

6 

1424 

2895 

6022 

170 

9537 

4 

862 

1919 

51 

2454 

553 

1094 

18 

1732 

475 

827 

10 

1447 

2772 

5792 

161 

9313 

5 

823 

1889 

45 

2406 

536 

1000 

25 

1584 

480 

831 

8 

1460 

2676 

5602 

153 

8836 

6 

809 

1865 

48 

2558 

498 

816 

27 

1381 

501 

845 

10 

1513 

2615 

5427 

152 

8824 

7 

792 

1818 

35 

2517 

467 

751 

22 

1194 

544 

901 

18 

1656 

2669 

5374 

182 

8744 

8 

750 

1738 

41 

2067 

442 

677 

19 

985 

566 

926 

73 

1753 

2588 

5416 

199 

8288 

9 

690 

1647 

35 

2110 

418 

657 

21 

993 

569 

952 

78 

1879 

2584 

5400 

201 

8611 

1880 

693 

1648 

39 

2107 

428 

686 

21 

1007 

591 

958 

86 

1908 

2650 

5440 

218 

8681 

1 

692 

1640 

43 

2128 

429 

684 

15 

970 

609 

976 

93 

1959 

2638 

5408 

216 

8709 

2 

711 

1653 

44 

2142 

434 

695 

22 

1033 

604 

983 

82 

1957 

2698 

5482 

218 

8867 

8 

699 

1557 

39 

1978 

385 

684 

21 

1013 

614 

999 

96 

2069 

2643 

5424 

205 

8836 

4 

684 

1467 

37 

1886 

371 

675 

22 

996 

6oe 

1014 

75 

2089 

2659 

5384 

209 

8898 

5 

613 

1337 

30 

1746 

363 

617 

24 

950 

594 

1038 

94 

1943 

2571 

5247 

223 

8514 

6 

619 

1278 

26 

1674 

350 

560 

23 

876 

568 

1030 

51 

1841 

2524 

5079 

186 

^"126 

7 

525 

1185 

27 

1551 

320 

502 

24 

804 

540 

994 

52 

1752 

2387 

4929 

186 

8569 

8 

484 

1118 

23 

1471 

298 

488 

19 

764 

519 

964 

45 

1857 

2233 

5214 

166 

9306 

9 

470 

1097 

18 

1422 

259 

450 

12 

665 

531 

953 

40 

1860 

2155 

4988 

152 

8468 

1890 

452 

1072 

16 

1369 

232 

430 

13 

635 

516 

921 

78 

2099 

2073 

4813 

130 

9186 

1 

433 

1060 

14 

1821 

224 

421 

13 

628 

506 

909 

49 

1953 

2024 

4574 

164 

8938 

2 

444 

1058 

16 

? 

230 

399 

9 

? 

494 

884 

44 

? 

211*) 

4498 

150 

? 

8 

383 

974 

21 

? 

224 

398 

8 

? 

501 

934 

27 

? 

1981 

4285 

126 

? 

4 

383 

974 

9 

1361 

248 

343 

4 

608 

496 

936 

17 

1717 

2122 

4202 

89 

10218 

5 

376 

953 

9 

1401 

234 

324 

1 

587 

476 

922 

17 

1772 

1971 

4182 

73 

10291 

6 

296 

861 

8 

1113 

218 

313 

4 

486 

479 

936 

7 

1449 

1743 

3582 

45 

8992 

7 

291 

842 

27 

1437 

231 

306 

5 

504 

476 

958 

8 

1461 

1667 

3564 

78 

9578 

8 

289 

840 

19 

1377 

228 

294 

7 

453 

459 

827 

14 

1178 

1686 

3423 

80 

9884 

9 

314 

852 

13 

1153 

226 

298 

5 

475 

427 

764 

18 

1118 

1668 

3246 

77 

8986 

1900 

823 

863 

17 

1213 

240 

324 

3 

479 

414 

740 

•  •  • 

1066 

1700 

3316 

69 

8209 

1 

322 

872 

16 

1181 

228 

301 

6 

470 

415 

740 

3 

1069 

1684 

3287 

68 

8084 

2 

323 

888 

16 

1251 

214 

299 

9 

710 

434 

761 

3 

1088 

1628 

3242 

66 

8608 

8 

318 

881 

16 

1212 

206 

299 

6 

641 

442 

747 

5 

1075 

1607 

3193 

66 

8409 

4 

316 

890 

16 

1073 

198 

292 

4 

509 

429 

735 

9 

1025 

1567 

3159 

73 

7992 

5 

309 

868 

12 

987 

189 

282 

6 

405 

400 

728 

11 

1010 

1479 

3053 

79 

7868 

6 

801 

829 

20 

1061 

176 

247 

6 

468 

395 

704 

10 

1021 

1451 

2930 

86 

7968 

2)  the  number  of  persons  employed  in  gutting,  packing,  re-packing,  cleaning,  or  drying  the  fish  ;  (8)  the 
ait  and  baiting  lines,  boat-bauders,  persons  making  and  mending  nets,  persons  manufacturing  barrel  ttaTts, 
alt,  staTe  wood,  and  hoope. 
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TABLE  IV. 

Showing  the  Number  of  Barrels  of  Herrings  actually  Caught  within  the 
limits  of  the  various  Districts  in  the  Firth  of  Clyde,  irrespective  of  the 
place  of  landing,  in  the  years  1863-1887. 


Year. 

Green- 
ock. 

Glasgow. 

Rothe- 
say. 

Inver- 
aray. 

Camp- 
beltown. 

Ballan- 
trae. 

Total. 

1863 

127 

96i 

3500| 

29717i 

2020 

•  •  • 

35461^ 

1864 

171 

•  •  • 

34786i 

15586 

2847i 

•  •  • 

53391 

1865 

981 

•  •  • 

33706^ 

28788J 

2346 

1015 

66837 

1866 

803 

120 

44337 

32199 

1823^ 

382 

79664^ 

1867 

•  •  • 

11093 

32440^ 

38964 

2450 

•  •  • 

84947i 

1868 

36876 

38800 

13701 

46378 

1524i 

•  •  • 

136279^ 

1869 

26081 

12150 

27721 

41138 

6469 

•  •  • 

113559 

1870 

5091^ 

236 

27911 

24766 

6381 

27 

64412^ 

1871 

3140 

235 

22362^ 

20405^ 

7183 

•  •  • 

53326 

1872 

256 

•  •  • 

13284 

10258 

6352 

•  •  • 

30150 

1873 

822 

•  •  • 

4685 

7516i 

18036 

76 

31135^ 

1874 

844 

•  •  • 

3822 

6434i 

19087 

451 

30638^ 

1875 

919 

•  •  • 

4362 

14097 

6660 

9667 

35705 

1876 

1814 

•  •  • 

6296 

31621i 

11411 

6071 

57213J 

1877 

1527 

•  • « 

4070J 

23348i 

18443 

10254 

57643 

1878 

683 

•  •  • 

2002 

11268^ 

18320 

17493 

49766^ 

1879 

1816 

•  •  • 

8303 

31409 

36847i 

25300 

103675i 

1880 

2418 

•  •  • 

11167i 

29315 

44522 

31292 

118714^ 

1881 

1248 

•  •  • 

4162 

38162 

23862 

17390 

84824 

1882 

3949 

•  •  • 

11806 

85352 

53241 

13401 

167749 

1883 

2314 

•  •  • 

3297 

49055 

49089 

26501 

130256 

1884 

4129^ 

•  •  • 

4154 

19648 

40921 

14019 

82871i 

1885 

8813 

•  •  • 

3673 

26379 

45342 

27671 

111878 

1886 

•  •  • 

•  •  • 

2168 

18145 

42312 

4760 

67385 

1887 

•  •  • 

•  •  • 

2381 

15808 

57684 

9881 

85754 
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TABLE  V. 

Showing,  for  the  Firth  of  Clyde  Districts,  the  Total  Quantity  and  Value  of  Herrings  sold 
Fresh  in  the  years  1884-1888,  and  the  Total  Quantity  and  Value  of  Herrings 
landed,  whether  sold  Fresh  or  Cured,  in  the  years  1889-1906. 


HERRINGS  SOLD  FRESH. 

Year 

Campbel- 
town. 

Invekaray. 

Rothesay. 

Greenock. 

Baltjintrae. 

Total. 

Crans 

£ 

Crans 

£ 

Crans 

£ 

Crans 

£ 

Crans 

£ 

Crans 

£ 

1884 

5715 

6771 

1216 

1840 

2859 

4075 

1217 

1604 

5040 

9743 

16047 

24033 

5 

5605 

8379 

908 

1634 

6409 

8076 

783 

1186 

3311 

4751 

17016 

24026 

6 

5650 

4265 

683 

1025 

4859 

6700 

907 

1893 

2582 

3621 

14681 

17504 

7 

5381 

4075 

617 

778 

9302 

9917 

1827 

2306 

2719 

3418 

19846 

20494 

8 
1889 

6126 

7348 

842 

1010 

10422 

10839 

3185 

5008 

4555 

3883 

25130 

28088 

TOT 

AL  QUANTITY  OF  HER 

RINGS  LAN] 

DED. 

Crans 

£ 

Crans 

£ 

Crans 

£ 

Crans 

£ 

Crans 

£ 

Crans 

£ 

33975 

37669 

26249 

41847 

8289 

12561 

1840 

4439 

10366 

8271 

80719 

104787 

1890 

42282^ 

36368 

33650 

43746 

9885 

12080 

1186 

2135 

19316 

19221 

106319} 

113550 

1 

41326 

39351 

51877 

54472 

104'»2 

10655 

2378 

5541 

14346 

16519 

120379 

126538 

2 

45758 

50357 

50158 

50158 

3325 

4665 

1173 

2832 

5643 

5976 

106057 

113988 

3 

70850 

55959 

40790 

40517 

4344} 

4818 

1835 

2895 

2056 

2662 

119875} 

106851 

4 

73346 

68990 

37349 

40119 

2038 

2835 

540 

1130 

2654 

3152 

115927 

116226 

5 

29412 

:U187 

18013 

24433 

2440 

4599 

1228 

3158 

3537 

6148 

54630 

71526 

6 

15240 

16535 

18406 

26676 

2521 

3098 

679 

1226 

2296 

2H04 

39142 

50339 

7 

24294 

21911  59261 

41310 

3602 

2707 

713 

1052 

2067 

2317 

89937 

69297 

8 

25893 

26169  40903 
1 

39464 

2426 

2359 

339 

467 

1599 

1795 

71160 

70254 

9 

31898 

40251 

31374 

40876 

3968 

4410 

610 

770 

2917 

2765 

70767 

89072 

1900 

40557 

62375 

24742 

36280 

2275 

2801 

189 

349 

5473 

5080 

73236 

96885 

1 

31349 

32942 

29317 

33410 

1833 

2120 

267 

413 

10650 

8837 

73316 

77722 

2 

38017 

38868 

26337 

1 

30577 

26049 

14457 

1876 

1966 

8037 

9019 

100316 

94887 

3 

29762 

37779 

21198 

30087 

28360 

19550 

435 

504 

2244 

2320 

81999 

90240 

4 

1*2929 

17314 

7832 

15768 

7540 

8958 

271 

424 

1454 

1512 

30027 

43976 

5 

21160 

21676 

4672 

7525 

1738 

1615 

4455 

4934 

4480 

4938 

36505 

40688 

6 

11070 

16565  5258 

5907  13709 

14216 

7860 

7786 

16699 

17400 

63596 

61874 

of  the  Fishery  Board  for  Sootlamd. 


foar. 

Jbu. 

Feb, 

March 

April. 

MiLy. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1863 

38" 

76 

4 

iSi 

06 

"12 

"'8 

"47 

■  "6 

6 

e 

7 
S 

0 

ea 

"i 

796a 

::' 

87 
107 
126 

425 

571 
304 

1,226 

596 
384 
380 
462 
634 

24 

..' 

215 
61 

•Jl 

98 
26 

1,715 

1,292 

96 

212 

G 

1,896 

80 
28 
14 

1670 

u 

1,7486 

i,942 

1,245 

1S2 

16 

17 

36 

101 

1 

8S 

I,  76c 

660 

194 

12 

5 

28 

2 

10 

2 

1.725' 

61 

139 

285 

10 

10 

3 

2,026* 

"42 

372 

1,186 

180 

"68 

20 

81 

i 

4890' 

165 

807 

1,063 

1,364 

1 

6 

».w 

13 

218 

221 

30 

6  1      ... 

'".    1  6,071* 

166 

919 

552 

832 

17 

19 

7 

...     !l0;254' 

498 

433 

621 

381 

10 

8     5,070 

I0,95S 

1,779 

23  1       ... 

240 

3::7 

364 

"30 

14 

" 

7,930 

6,278 

4,U74 

464  1       ... 

671 

343 

680 

415 

62 

i'87 

10 

4,085 

18S0 

1 

6.200 
2,87^ 

6,618 
11.310 

1?« 

,.,            ... 

199 

1,439 
649 

'S 

133 

236 

26 

134 

747 
11 

970 
178 

2 

1,1S3 

eiiss 

1,337 

i'26 

i'27 

S43 

268 

388 

168 

251 

162 

lie 

3,1187 

1.769 

17,666 

309 

778 

491 

131 

21 

0 

113 

4 

i,a!3 

8,465 

3.280 

■fl 

609 

968 

806 

490 

79 

i'66 

328 

410 

r. 

6,766 

14,094 

2P7 

1,218 

768 

461 

18 

227 

6 

184 

•A2a4 

2,352 

27 

193 

1,145 

q 

94 

206 

28 

37 

48 

764 

8,074 

15 

431 

6D3i 

36 

153 

103 

70 

8 

4S0 

2,127 

6,938 

90 

513 

I,32r 

404' 

8 

149 

913 

9 

875 

8,981 

759 

...     1       ... 

139 

477i 

623i 

148i 

697 

1,070 

1890 

S9a 

0,920 

978 

..      1       ... 

50 

172 

1,2841 

122! 

613 

8,7S6 

1 

1,854 

6,047 

210j 

6131 

1,447 

6&I 

"i7i 

299 

963 

2,9*6 

2 
3 
4 

S 

1,677 

454 

3 

357 

1,736 

"72 
1,164 

"21*    :;: 

26? 
B8 
170 

'248 
1,008 
718 

630 
669 
975 
532 

ISO 
369 

"43 

10 

^6 

e 

379 

160 

...     1        86 

543 

482 

104 

"36 

161 

46 

423 

33 

878 

110 

209 

48 

"so. 

865 

324 

90 

7 

9 

146 

1,247* 

400 

224i 

348i 

120 

i'38 

iu 

ii» 

leoo 

449 

3.861 

106 

667 

280 

316 

36 

43 

11 

8 

1 

6.662 

3,743 

no 

497 

263 

121 

48 

108 

2 

2,4M 

a,072 

1,316 

...    1      Hfi 

325 

466 

108 

167 

3 

530 

177 

25 

...    1        96 

"i\d 

340 

962 

U 

87 

ao 

92 

461 

3-22 

1 

108. 

122 

238 

78 

27 

S 

584 

183 

369 

2,987/ 

360 
265 

379 
G63 

631 
SSI 

122 
260 

%»i 

10,166 

6 

76 

•  Winter  H-hTng. 
a  (1808)- 386  crang  from  liit  J»nii«ry  to  11th  July,  nnd  409  cr»n 
6  (1870)- -10.1'icrans  from  lit  Fabrunry  to  l-.t  June,  nad  llSere 
e  (1H71  )-1621  crsnii  from  Isf-  FehniiLry  to  i3th  K.j,  nnd  139  eri 
d  [\mi)-¥iv,i„  3rd  Octol«r  V,  28th  Dewimber. 
c  rl904)-Krom  iNt  Octolwr  to  Sl-l  Decomlwr. 
/  (1905 )-106  eraiiH  from  l8t  Januniy  to  27th  Mfty,  »nd  2881  or« 


of  July, 
■oak  of  Hky. 
>to(  May. 


I  from  lit  Octobtr  to  Slut  DeMmbet. 
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Showing  the  Number  of  Cnns  of  Herrings  landed  per  Month  in  the  CampbeltowTi  District, 
1863-1906. 


Y«r. 

Jul. 

FBb. 

Hitreh 

April. 

May. 

Juna. 

Jaly. 

Aogoat 

Sept. 

Oct. 

Nov. 

De 

ises 

210 

1,874 

68 

^ 

4 

861 

1,648 

358 

1 

370 
400 

1187 
671 

1,012 
912 

37 

"h 

: 

I 

67« 
363 
1,105 

727 
899 
1,981 

709 
357 
3,362 

28 
S23 
828 

79 

;':: 

1870 
1 

1,713 
1144 

2,712 
I.26S 

2,802 
^461 

634 
910 

524 
290 

134 

S 
8 
4 

e 

286 
711 
1,258 
486 

4,246 
8,286 
5,263 
1,117 

4,381 
4,108 
3,719 
1.086 

4,225 

3,503 

3,078 

365 

2,295 

1,288 

t,487 

2 

817 

8 

73S 

1,089 

3,760 

1,073 

30 

7 

1,188 

3,617 

6,138 

1,118 

42 

e 

SOOfl 

2,127 

3,861 

2,005 

2*2 

0 

3.478!. 

1.127 

6.131 

3,781 

4.172 

8,616 

7,626 

ia 

law 

6,120r' 

2.330 

12,073 

5,i26 

2,679 

2,584 

2,62S 

1,78 

] 

I.aSW' 

3,378 

8,598 

3,687 

1,018 

1,043 

2,ra 

3 

2.249t 

12,416 

10,357 

6.338 

5,92« 

3 

l,8fi»1 

3,267 

5,980 

7,695 

3,312 

7.122 

6,761 

1,0 

1.7681 

2.363 

8,672 

5,799 

925 

9,651 

4,393 

S 

2,3631 

2,628 

7,838 

6,278 

8,811 

a 

4,8071 

2,076 

2:884 

ilm 

2i684 

2,015 

3,114 

i.m 

7 

a,2]<H 

1,263 

4,4701 

3.330J, 

10,173 

3,306 

10,669 

*•!!! 

8 

10,89W 

7'J4 

4,690 

6,349 

2,279i 

4,7021 

6,012 

«.« 

9 

7.63*7 

1.56B 

3,120i 

2,620J 

2,392 

5.672* 

8,162 

!.« 

1800 

12,4tW 

1,157 

3,527 

168i 

13 

2,9431 

6,063 

las 

1 

12,8461 

4.11S 

9,076 

2,408 

148 

1.214 

2S9 

2 

2,1B3dl 

2,817 

9,156 

2,005 

37i 

1,68l' 

181 

iii 

3 

3,801r 

2,511 

6,782 

2,067 

m 

4 

6,o;fli 

7,844 

3,987* 

ff.1  '^"iil 

513 

■4 

G 

7.11511 

1,69(9 

4,614 

12.S 

118 

i» 

6 

2,SH1 

2.177 

3,380 

2.104 

1,109 

2,467 

460 

« 

7 

3931 

7.-8 

9,692 

3,621 

6,001 

3,708 

937 

H 

S 

Z   1     .'.'. 

6161 

8,421 

4,937 

1,781* 

2,771 

387 

3,118 

4;a 

e 

1,1201 

4,259 

8,0  IB 

fi,93B 

6,135 

1,488 

2,717 

191 

IBOO 

3,«Mi 

4,Sft7 

8,882 

11.366 

8,898 

4,ini 

SIO 

Vt 

1 

fi,0971 

3,721 

8.281 

7,648 

3,241 

8M 

1,031 

%a 

3,8811 

4.S95 

11,980 

11,727 

4,071 

317 

30 

1,111 

s 

4,430t 

3.180 

9,088 

8,797 

884 

272 

2,» 

4 

5,8721 

1.650 

1.938 

1:7:2 

869 

218 

2 

<S 

e 

5,3S4-l 

2,886 

7,737 

5,175 

8 

32 

138 

10 

8 

a.6«i/ 

3,393 

3,486 

541 

79 

5 

t  From  lit  JanuuT  to  end  of  Hay. 

a  (1878)— April  «nd  M«j. 

h  (16791-3200  cran*  from  lat  JaQiury  to  24th  Hay,  »nd  278  amtu  from  24tb  to  3l9t  Mav. 
c  I1S80)— B<>^  «'"">■  '"™  iBt  JiuiuarT  to  22ntt  M*7,  uid  30  cnn*  from  22od  to  29th  May. 
d  (1893)- From  Ist  January  to  15th  March. 
(  (1894)— From  lit  Jnounrj'  Co  end  of  Mivch. 
(1908) — 3662  crana  from  lat  January  to  and  of  Uaj,  and  10  ndded  nt  and  of  year. 


of  the  Fisltery  Board  for  Scotland. 


TABLE  Vni. 


w. 

Jan. 

Feb. 

Much. 

April. 

M.r. 

Juno. 

July. 

Augmt 

Sept. 

Oct. 

Not. 

Dec 

IBM 

5.000 

6.200 

800 

2.400 

2,200 

b 

S,62»<i 

6.721 

10.660 

2,000 

3,980 

4.324 

869 

fl 

2,4186 

10.782 

11..W0 

8,200 

6.600 

2,760 

860 

7 

2.6nOc 

8,800 

6.600 

2,600 

3.800 

1,200 

8 

3,000rf 

4,600 

5.060 

6,450 

3,000 

2,460 

2,460 

9 

;:: 

4,046. 

6,065 

2,760 

2,780 

1,744 

4,669 

8.462 

iseo 

780 

724 

1.766 

388 

267 

1,0B8 

3.228 

4,630 

4.870 

6.120 

10.460 

7.490 

1 

<02 

2,906 

5,323 

3,702 

2,335 

380 

1,804 

2 

207 

2,962 

9,686 

11,725 

14,920 

13.119 

4,743 

S 

165 

?463 

sIbss 

3.637 

6,197 

3,170 

1849 

4 

840 

aUw 

2,667 

3:2:4 

2:268 

1:415 

» 

6 

140 

2,321 

12,406 

7.B81 

2,142 

884 

335 

S 

465 

1,673 

7^850 

6.302 

9747 

%658 

776 

7 

427 

771 

3,273 

13,466 

6,301 

3.866 

3,891 

2,440 

8 

8.030 

3,040 

9.406 

7,386 

9504 

8.121 

180 

Ciso 

S 

7li9 

8,646 

9.479 

9,264 

8.687 

3,700 

280 

1.420 

1870 

9i6 

3,580 

6,972 

6,170 

3,089 

3,703 

8,676 

795 

I 

1,840 

3.416 

2,652 

2,400 

717 

2,082 

468 

40 

2 

715 

1.660 

1,9S2 

1,261 

499 

2,230 

820 

3 

::: 

1.046 

1807 

134 

238 

424 

4 

71S 

1,866 

917 

1,302 

490 

"17 

G 

"io 

650 

6,676 

4.069 

426 

1,202 

1,216 

900 

8 

30 

1.176 

*;720 

4,177 

1.988 

7,246 

3,503 

7 

2,BH 

4,118 

5.430 

4,369 

2.217 

870 

S 

1,844 

3,885 

1.271 

96 

24 

2,140 

i'so 

» 

2.168 

6,744 

7,409 

2,806 

2,396 

G2S 

1880 

1,817 

7,618 

3,922 

2,439 

1,4M 

4,670 

1.082 

1 

4,9:(2 

5,893 

9,546 

6,179 

2,248 

3,790 

1,356 

2 

;;: 

8,58.^ 

7,860 

11.878 

8,320 

12,663 

11.424 

24 

3 

4 

3.3W 
6,154 

8.46.1 
3.276 

7,687 
6,004 

11,005 
1,717 

3,166 
606 

2,620 

12 

5 

7,187 

7,244 

6,622 

4,047 

4,847 

6 

2,921 

4,592 

4,947 

2,021 

262 

178 

lis 

7 
8 

1,TO2 

3^677 

3222 

7:i47 

2,676 
8:640 

2  852) 
1,919' 

781 
1,092 

19S 
349 

22 

S 

1.830 

8,364 

6,267 

3,8431 

10,125 

2,436 

::: 

1880 

1,936 

12,803 

8,264 

3,8091 

8,2X5 

8.463 

5,241 

1 

2,169 

10.283 

3^783J 

11,038 

7937 

2 

4,609 

9,206 

11,129 

*'*0W 

3:641 

3,877 

7,140 

S 

;;: 

8,261 

10.802i 

10,075) 

705 

4,416 

4,439 

4 

.^*55' 

3,018 

1(1,827 

9,320 

3,024 

1,041 

8,100 

7,451 

t, 

1,090* 

2,117 

4,271 

S,608 

1,674 

1S6 

1,800 

1,288 

fl 

2,01 2* 

1444 

3.874 

3,69] 

2^314 

2,406 

in.2 

324 

7 

849* 

1,756 

5,876 

10,797 

19,900 

6,316 

6,763 

5,663 

8 

736* 

1.252 

11,636 

8,895 

5,700 

3,481 

3,777 

2,324 

> 

3,013 

8.662 

l,hn 

2,899 

1,691 

3:798 

?587 

1900 

137' 

3,623 

7,5:3 

6,328 

3,498 

1,686 

1,671 

1,482 

100/ 

2^936 

5;W18 

8,490 

7:177 

1,366 

'743 

2^116 

2 

851 

6.373 

5,662 

4,201 

4,059 

2,513 

2,890 

3 

... 

"h* 

865 

9.303 

2,477 

6,611 

1,277 

111 

842 

4 

:':  1  252 

m 

1.808 

3.012 

1,884 

666 

13 

324 

B 

...     ;       ...           970 

a 

612 

440 

210 

32S 

419 

908 

e 

...    1      ...    1      622 

1 

706 

1,022 

286 

699 

1,484 

266 

GO 

n  lit  Juiiury  to  and  of  Mmy. 

m  lit  jHDuan  to  end  of  Aiirit. 

1  reruns  from  lat  Juiuar7  to  9th  Jnoc.  K\A  2308  orans  troni  9ti)  to  30th  Juna. 

B  unii*  From  lit  January  to  11th  Jun«,  iiivl  1210  crnn"  irom  Hth  to  28th  June. 

)  cruis  from  lit  January  to  13th  June,  and  HH-l  crnniifruin  13tli  to  27Ui  June. 

m  1st  JanuuT  to  ODci  of  June, 

JcruufromlitJanuory  to  11th  Juna,  and  S8i!ornn<  from  Uth  Jane  to  2ad  July. 

oniu  from  lat  Jauiuuy  to  18th  May,  and  222  cnna  from  18th  to  and  of  Uay. 
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Y8«r. 

Jan. 

Feb. 

Mu-. 

April 

SUy. 

Jun& 

July. 

kagatt 

Sept. 

Oct. 

KoY.  [   Uao. 

T 

1864 
G 

6,000 
5:721 

6,2U0 
10,H60 

800 
2,000 

2.400 
3,980 

2,m      ... 

4,324         869 

11 

a' 

6 
7 
8 
P 

10,782 
8;800 

4,aoo 
6,066 

11,300 
6,600 
6,060 
2.760 

8,200 

6,450 
2,780 

6.600 
3,800 
3.000 
i;744 

2,-M         660 
1.200 

2,4«i      2,400 
4,569  ,  8,452 

4: 

!■ 

s 

1880 

780 

724 

1.766 

338 

■«7 

l,OSfl 

8,22fi 

4,630 

4,870 

.M20 

10,4Bfl     7.490 

V 

1 

402 

2,906 

6,323 

8,702 

2.33.5 

380      1.804 

It 

2 

207 

'4.m 

9,685 

11,736 

14,920 

13,119     4,743 

s. 

3 

376 

4.127 

6,010 

3.642* 

6,197 

3,170     1,349 

fl 

4 

1,710 

8,962 

3,025 

3.30ei 

2,268 

1,416          80 

It 

G 

346 

3,682 

18,418 

7,894 

2.1434 

KS4  .      335 

X 

6 

8fi6 

2.344 

8,782 

S,3S9 

9.747 

2.5flS  :      775 

SI 

7 

427 

1,347 

4.000 

14,166 

fi,827 

.H,856 

3,831      2,440 

1 

8 

8,080 

3,393 

10,104 

7.742 

9,827 

fl,l21 

11 

i 

7W 

4,a.'io 

8,460 

12,616 

ti,5l4 

3,779 

260     1:420 

11 

1870 

KB 

6.293 

s,e»i 

r,»7a 

K.?23 

4.327 

3,799        796 

at 

1 

1,840 

4,!^S 

3,810 

3,flei 

1,627 

2.372 

469           40 

IS 

2 

1.001 

6,796 

■1,363 

5,486 

2.7M 

2,230         820 

3! 

S 

1,766 

8.093 

4,^240 

3,740 

1,710 

li 

4 

1.973 

6,628 

4,686 

4,378 

1967 

634 

a 

G 

1,145 

6.792 

6.166 

7S0 

1:204 

1,215 

m 

i( 

8 

1,908 

6,409 

7,W7 

B.K'.B 

7.265 

3,5113 

m 

7 

7,786 

U,fi6U 

6.4S7 

2.25U 

870 

.11 

8 

3,471 

7,746 

3,276 

m 

24 

2,140 

1*) 

1: 

B 

'.'.'. 

3.296 

10,875 

.1,190 

6,B77 

11,0)2 

8,041> 

121 

X 

1880 

4,147 

19,691 

B.348 

6,018 

4,004 

7,195 

.^866 

a 

6,864 

14,938 

13,613 

6527 

2:688 

4.833 

3.993 

fi 

3 

8,116 

26,074 

22.236 

13,669 

18,583 

11,4'>4 

24 

91 

:i 

6,671 

14,445 

16,332 

10,670 

13,936 

S,271 

1.491 

4 

6,431 

9.732 

14,104 

2,642 

10.260 

4,393 

4! 

S 

9,715 

IS.  083 

11.801 

12,969 

13,758 

6! 

e 

4,m 

7,276 

9,266 

4,705 

2,307 

3,21«] 

7,933 

4^ 

7 

4,840 

7,fl92i 

6,006i 

4,087 

10,887 

4,136 

6; 

8 

1.816 

1!,S37 

14,989 
7,887i 

5.794f 

.'>,;(61 

6.742 

6^ 

3.399 

9,4841 

a:23fi 

15,697 

10,598 

1,936 

e-: 

1890 

3.0M 

15,830 

8,410t 

3,821 

10,632] 

8,;.ie 

6,348 

6! 

1 

6.278 

20,2DB 

6,192 

3.786 

1!.297 

7937 

2 

7.326 

18,3fl2 

13.134 

8,443 

5,2W 

.3,f.81 

7:31? 

^ 

3 

6,782 

ie,68A 

12.143 

1700 

708 

41418 

4,616 

6( 

10,893 

14.794 

5.041 

1,584 

3,104 

7.461 

6: 

B 

3,713 

8.786 

7,684 

1.714 

280 

1918 

1,418 

8 

8,621 

7,261 
lt;..'«8 

6:695* 

8.423 

4,862 

2,902 

396 

a 

7 

2.B44 

H,4lS 

24,90] 

10,022 

i.7W) 

6,ff.:7 

8 

10,873 

16,673 

10.675 

8,471 

3,868 

5.893 

6,013 

6 

» 

7.273 

14,601 

16,612 

9,034 

3,179 

6,515 

2:778 

6 

1900 

7,647 

14,486 

18,978 

12,394 

6,837 

2,2S! 

1,774 

61 

6,967 

12,229 

16,188 

10.413 

2,269 

1,824 

4:523 

0 

3 

5,748 

18,363 

17,379 

8,272 

4,376 

2:54s 

3.S06 

6 

3 

4,046 

18,391 

12,274 

7,206 

1,277 

383 

■2.943 

61 

4 

3,358 

4,960 

3,656 

1,434 

231 

2 

9119 

21 

6 

3.3B8 

8,177 

6502 

216 

360 

667 

1,008 

a 

fl 

... 

... 

4,098 

4,608 

827 

773 

1,489 

^ 

56 

11 
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TABLE  X. 

Showing  the  Number  of  Crans  of  Herrings  landed  per  Month  in  the  Greenock  District, 

1865-1906. 


Year. 

Jan. 

Feb. 

March. 

■ 

April. 

May. 

June. 

July 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

1856 

•  •  ■ 

•  ■  • 

•  •  a 

•  •  • 

•  •  • 

1,804a 

m  •  • 

1,630 

166 

a  a  a 

•  •  • 

•  •  ft 

6 

•  ■  ■ 

•  •  • 

•  •  • 

a  a  a 

•  •  « 

2906 

•  a  • 

210 

10 

•  •  a 

•  a  • 

•  •  • 

•  ft  ft 

7 

•  •  • 

•  •  ■ 

•  •  ■ 

•  a  • 

•  •  9 

190c 

540 

60 

10 

•  •  • 

•  •  • 

ft  ft  ft 

8 

■  ■  • 

■  •  ■ 

•  •  • 

•  •  • 

... 

90d 

a  a  • 

1,887 

108 

•  a  a 

... 

•  •  a 

ft  •  ft 

9 

•  •  • 

*  •  • 

... 

... 

a  a  • 

650^ 

a  a  a 

960 

50 

a  a  a 

... 

«  a  ft 

ft  ft  • 

1860 

•  •  • 

•  •  • 

•  ■  • 

•  ■  • 

a  a  a 

220/ 

■  •  ■ 

600 

l,t«60 

630 

50 

a  •  ■ 

•  •  • 

1 

•  •  • 

•  •  • 

•  •  • 

•  a  a 

•  •  a 

95.*7 

a  •  • 

635 

95 

•  a  • 

•  •  • 

a  •  • 

ft  •  ft 

2 

•  •  • 

•  •  • 

•  •  • 

... 

•  a  a 

70A 

a  a  • 

896 

2,664 

1,675 

65 

*  •  • 

a  •  • 

3 

•  •  • 

■  •  • 

•  •  a 

•  •  * 

•  •  a 

129i 

a  •  • 

466 

122 

13 

i 

•  •  ■ 

•  ft  a 

4 

•  •  • 

•  •  • 

•  •  • 

•  a  a 

113 

482 

251 

38 

67 

328 

4 

6 

•  •  • 

•  ■  • 

■  •  • 

•  a  • 

24 

249 

1,200 

232 

113 

2,322 

866 

6 

437 

■  •  • 

•  •  • 

•  •  a 

38 

680 

606 

37 

132 

927 

67 

7 

309 

... 

•  •  • 

•   •  a 

a  •  • 

28 

176 

403 

98 

68 

118 

66 

8 

a  •  • 

•  ■  ■ 

•  •  • 

... 

20* 

576 

401 

428 

3,179 

19,796 

9,240 

9 

470 

•  •  • 

•  •  • 

... 

... 

... 

101 

706 

1,036 

476 

9,051 

4.17S 

662 

1870 

300 

•  •  * 

•  •  • 

•  m  • 

•   •  • 

652 

1,146 

644 

318 

102 

240 

1,048 

1 

40 

... 

•  •  • 

■  •  • 

■  •  ■ 

a  •  • 

414 

233 

143 

20 

22 

688 

700 

2 

•  •  • 

•  ■  • 

... 

•  a  • 

16; 

62 

141 

82 

244 

9 

ft  ft  ft 

3 

... 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  a 

"76 

791 

196 

108 

468 

288 

•  •• 

4 

•  •  • 

•   •  • 

•  •  • 

•  •  • 

a  •  • 

372 

338 

696 

439 

•  a  a 

•  •  • 

•  ft.      • 

5 

■  •  ■ 

•  •  ■ 

•  •  • 

•  •  • 

■  a  a 

... 

mm* 

193 

418 

81 

•  •  a 

ft  •  • 

6 

•  •  • 

•   •  • 

•  •  • 

n  n  m 

•  a  • 

•  •  • 

262 

366 

757 

115 

17 

a  •  • 

ft  ft  ft 

7 

■  •  • 

«   •  • 

•  •  • 

*  •  • 

•  ■  • 

234 

401 

710 

148 

9 

a  •  • 

•  •• 

8 

•  •  • 

•   •  • 

•  •  • 

64 

■    •   a 

88 

231 

222 

3 

a  •  a 

ft  a  a 

9 

... 

... 

■  ■  • 

•  •  m 

... 

98* 

•  •  m 

606 

601 

301 

"74 

a  •  • 

•  •  ft 

1880 

•  •  • 

•   ■  • 

t  a  a 

a  a  • 

260* 

•  •  • 

1,389 

411 

57 

•  a  • 

a  •  • 

1 

•  •  • 

•  «  a 

... 

•  a  • 

m  •  • 

132* 

432 

463 

187 

a  a  a 

a  ft  ft 

2 

. .  • 

• 

•  ■  • 

t  •  • 

•  a  • 

•  •  • 

284* 

•  a  a 

671 

1,592 

1,165 

"22 

•  ft  a 

•  ft  • 

3 

•  •  • 

•  •  • 

■  •  • 

a  •  a 

149* 

•  •  • 

463 

631 

386 

•  a  ft 

aft* 

4 

•  •  ■ 

•  •  • 

... 

»  •  • 

164 

789 

898 

166 

•  •  • 

•  •  ft 

a  ft  • 

5 

•  •  • 

... 

•  •  • 

t  %  • 

318 

657 

391 

95 

a  a  ft 

a  ft  • 

6 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  m  9 

15 

350 

310 

12A 

■  a  • 

>  ft  ft 

•  a  • 

7 

■  a  • 

•  •  • 

•  •  • 

•  a  • 

■  a  • 

36 

516i 

836 

249 

»    9  • 

ft  ft  ft 

•  ft  ft 

8 

•  •  • 

•  •  • 

a   •  • 

•  •  • 

•  ■  ■ 

688 

1,211 

l,127i 

44 

a    •  a 

a  ft  ft 

ft  ft  • 

9 

•  «  • 

•  •  • 

... 

•  •  • 

64 

656^ 

858J 

476 

13 

a  a  a 

a  ft  ft 

ft  a  ft 

1890 

•  •   ■ 

•  •  ■ 

218) 

82J 

591 

161} 

62| 

ft  ft  • 

•  •  • 

1 

•  •  > 

•  •  • 

•    •  • 

•  •  • 

67 

792} 

l,103i 

527 

... 

a  ft  ft 

ft  a  a 

2 

•  •  • 

•  •  • 

•   •  • 

13 

467} 

440 

1869 
6849 

... 

■  ft  ft 

ft  ft  • 

3 

•  •  • 

... 

136 

266{ 

908^ 

66 

a  ft  ft 

aft* 

4 

•  • 

•  •  ■ 

■   •   • 

a  a  a 

H 

196| 

242; 

80 

•  •  • 

•  •  a 

a  a  a 

ft  •• 

6 

•  •  • 

a  •  ■ 

*    •  • 

•  a  a 

496 

392 

223 

16J 

a    a   a 

a  ft  ft 

ft  a  • 

« 

•  •  ■ 

•   •  • 

•    •  • 

•  •  • 

■  •  a 

146i 

397; 

118 

•  a  • 

•   •   9 

a  ft  a 

•  ft  • 

7 

•   •  • 

■  •  • 

... 

•  •  a 

22 

8 

329 

241 

88 

•  a  • 

•  •  » 

•  ft  • 

8 

•  •  • 

•  •  • 

•  •  a 

•  •  ■ 

•  ft  a 

'44t 

23 

144 

76 

9 

a  •  a 

a  a  ft 

ft  a  ft 

9 

•  •  • 

t   •  • 

•  a  • 

... 

... 

200t 

24i 

38 

249 

70 

1 

a  ft  ft 

•  •  ft 

1900 

•  ■  • 

^ 

78 

31| 

27 

32 

H 

ft  ft  • 

•  ft  ft 

1 

•   •  • 

■  •  • 

•  •  a 

»  •  • 

12Jt 
377i- 

16 

127 

74 

20 

2 

ft  •  • 

■  ft  ft 

2 

... 

■   •  • 

(    a  • 

•  a  • 

■  •  • 

98 

87 

12 

1,381 

ft  •  • 

•  ft  ft 

8 

■   •  ■ 

a  •  • 

■    •  • 

... 

28* 

•  a  • 

266 

38 

10 

a  a  • 

•    a  ft 

a  a  ft 

4 

•  •  • 

•   ■  a 

168/ 

a  •  • 

68 

29 

16 

•   a  • 

a  ft  a 

ft  ft  ft 

6 

... 

375»/i 

a  •  • 

38 

317 

1.533 

1,971 

221 

m  •  m 

6 

•  •  • 

•  •  • 

•  •  a                                    •  •  • 

a  •  • 

687* 

•  a  • 

141 

1,304 

1.630 

451 

2,014 

1,638 

« 

t 

a 
b 
c 
d 

e 

/ 


From  iHt  January  to  end  of  June. 

i>     >»         >»        M    »«    >>  May. 
1391  crans  from  Ist  January  to  June  23rd,  and  413  crans  from  June  23rd  to  30th. 


70 
15 

7 
52 
17 
60 

4 
49 


»» 
> 

•» 
it 

It 


■ 


ti 

»> 
>» 
»» 

n 
)l 
tt 
a 


»> 
>• 
»» 
)i 
}i 
•I 

M 


»• 
»> 

>» 
t) 
M 
If 


14th 
13th 

5th 
18th 

9th 
22nd 

7th 

•th 


>» 
II 
i» 

n 
II 
It 
It 


220 

175 

83 

698 

203 

46 

66 

80 


i» 

n 
II 
II 
It 
It 
II 
II 


From  ist  June  to  6th  July. 
Landed  in  small  quantities. 
Winter  18  crans,  and  160  crans  landed  since  1st  Octo)>er. 


I' 
>i 
}• 
II 
11 
II 
ti 
If 


14th 

Idth 

6th 

18tb 

9th 

22nd 

7th 

6th 

II 

II 

II 

II 

II 

It 

f> 


28th. 

27th. 

26th. 

Ji]ly  2nd. 

30th. 

29th. 

28th. 

27th. 


If 


79 


ft 


ft 


296 


ft 


ff 


tt 


11th  NoTembar 


Part  111. — Twenty-Jifih  Annual  Beport 
TABLE   XI. 


Showing  Uifl  Number  of  Ctmib  of  H«mng8  per  Month  landed  in 

the  Rothewy  Diatrict, 

Yeu. 

Jbh. 

Feb. 

Mar. 

April 

May. 

June. 

July. '     Aug.      Sept 

Oct. 

Nor, 

Den 

1864 

300        180 

fi 
6 
7 

::: 

1,800 
500 
150 

1,600        700 

1,000     1,100        475 

1.350        200        4J0 

MO 

8 

eooo 

800     1,080 

200 

9 

440        230 

:;:  i  sm 

1860 

1 

10 

240     3,070 
681        460 

1,990 
100 

2,200  ■      690 
1,170        110 

m 
a 

2 

26S      1,505 

326 

89 

a 

8 

■"a 

532  1      S40 

107 

231          69-J 

2.Bt! 

4 

1.400        660 

880 

4,267    12,.'«0  116.(51  1 

6 

10 

690      4,512 

2,7.^ 

6.95(1      6,986  '16,901  | 

e 

7 
8 
9 

;:: 

4M 

306     2,455 
400 

120         306 
937 

579 
220 
f*l 
1,565 

3,0B8    If., 699 

6.0U      3.077 

930         228 

3,430      6,5i0 

s 

4,01 

1870 

...     1  1,370  '  1,000 

1,133 

1,050      2,111 

9,KI1 

1 
> 

800 

465  ■   1,315 
80        740 

625 
?20 

38      1,696 
8S0      4,2«<l 

1500 
2,1« 

S 

"iso 

704        368 

1.218 

626           15 

4 

6U»      1.220 

963 

331          100 

6 

633  ,      907 

91 

I.'i7         506 

8 
7 
8 

"'25 

422  .   1,156 
421  '  1,146 
428  ,       3M 

1,435 
408 
18 

851      1,0B6 

180        918 

118 

"es 

9 

92 

956      1,102 

760 

1,775  ,  1,172 

li 

1880 

176 

3,703  1  1,638 

248 

855  ;  1,956 

2St 

1 

264  1       S32           22 

,.      '      192 

68 

3 

3S0h 

789        .'■i4I  .      170 

1,551  1   1,651 

» 

8 

410c 

'.'.'.     1      3116 

286  ,       137 

343^       181 

ti 

5E>2<' 

m 

1,293  1       3(0 

874  ■       131 

216 

5 
6 

7 

;;; 

1.050' 

190 

783 
613 
1,9-iO 

378         6«2 

eOSi       1231 

2,965  1    1,681 

3,088        .5.^ 
1,911         570 
1,650     1,210 

178 
188 

670 

8 

fi 

377 

2,890 

iS  ^^ 

1901       371 

81 

0 

4S2 

l,893i 

1,7311       519J 

16 

18M 

"5S; 

56 

fl.O02 

8,612,    2,548i 

5161       593 

lU 

J 

702 

4,7B4i 

2,1.75  ,       83^ 

176      1,980 

111 

2 
S 

626- 

868» 

1,880 

722  ;      434 
998        154# 

2,221       136 
20  :       133 

10 

4 

S64' 

1,089  1      528"!        80' 

74  1           8 

6 
6 

7 
8 
9 

loot 

442* 
177* 
36S* 
Z73i 

707 

lie 

780  1       516  1         89 
937  ,      51tl  ■      238 
919        749  i     1,108 
668  '      478  '      303 
411  1      820  1      430 

78!       a 

253  :         30 

251          C22 

99         222 

1,028         458 

12 

1900 
1 
3 

287  ( 

S68r 
183- 

106 

m 

316        476        709 

506         626  1       280 
624  !       560  '       224 

81  1      ... 
46 
2,705  ,12.844 

9,147 

8 

4 

7,i81 

144 

aes* 

3,01S»i 

152 
33 

413  1      aM      S,OT 
204        366     2,574 

2,914  !  2,ri7 
336  ,        48 

0,897 
962 

6 

' 

43rh. 

40 

293        181  ;      391 

285          73 

4S 

6 

leSf 

133 

416  ■■   2.751      H,070 

3,904          72 

197 

*  from  lat  Juiusrj  to  end  of  Jun«. 

t 

886)-Up  to  20th  June. 

+  From  Irt  January  to  end  of  May. 

fi 

89fiKUpl«  3rd  July. 

X  For  >maU  creeko. 

8' 

888J— Up  to  23ni  June. 

a(1858HKQrJ.nu«7andFebni«T. 

V 

8«9)-Up  to  22nd  Ji.no. 

6  (1882)-Up  to  8th  July. 

1 1 

890)— Up  to  lltb  Juno. 

^(1883^Uptol4thJ»!y. 

J  ( 

891)-Upto20thJm.e. 

(((1884)-U[.to5th  July. 

'i 

8991— Up  to  ITth  June. 

:  <1900)-104  cnD*  up  to  Jun,  I8th,  tmd  183  cnn.  f 

vxmall 

reaki  in  JuIt. 

»(1 

W4)— w 

nter2H. 

Scnum 

170  nr. 

""  °p  ^ 

JuneSC 

nh. 

,.   ._,        ,  — _    J)  June  24lli,  20  crane  from  eianll  creebi. 

p  (1906)— Winter  57  erans,  106  orans  up  to  June  2nd. 

r  {I901>-Uptoendof  JnnaSeacraofi,  and  30  cnuu  landed  is  nnall  qnantitieL 
**»— 97  cmni  are  added  to  mootli  of  October,  1904,  for  email  ereaka  for  which  no  deUi 
47         Do.  do,  October,  1906,  do.  do. 
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r^. 

Jan. 

Feb. 

Mu. 

April. 

M.y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Deo, 

Total. 

laet 

6.S00 

6,380 

800 

2,400 

2,200 

17.080 

G 

8,9fll 

11,616 

2,000 

3,980 

4,334 

869 

86,873 

e 

11,982 

5,860 

8,676 

6,500 

i.760 

660 

46,196 

7 

10,893 

6,236 

3,050 

4.1S0 

1,200 

27,900 

8 

7,287 

3,030 

5,650 

3.000 

2.450 

2  400 

30,615 

9 

7,i4& 

12,410 

2,780 

1.744 

6,118 

8.462 

33,266 

1S0O 

3,966 

9,350 

7,390 

7,370 

11,080 

8,340 

£^«aa 

1 

3,971 

6,878 

3,802 

3,605 

790 

1.864 

20,307 

3 

4,113 

13,841 

13,725 

H.'tl7S 

13,208 

4,783 

44,906 

3 

6,-183 

6.547 

3.762. 

i:238; 

6,428i 

3,762 

4,181 

31.058 

i 

2,061 

6,360 

3,D02 

6.B(H) 

n!370 

16.671 

61,2121 
76:612^ 

fi 

*68 

4,884 

19,756 

io,eo8 

9.2064 

11,907 

19,385 

B 

7,888 

1,000 

S,B01 

12,107 

blm 

l'i,U9S 

a0,476 

6,640 

70,790 

7 
8 

13,56! 

■■■* 

1,601 

4,430 

16,298 
8,900 

6,646 
11.030 

8,B38 
10,328 

7,182 
20.416 

9.856 
16,032 

67,466 
86,676 

0 

l,5Bfl 

6,682 

10,391 

16,123 

11,S0B 

16, 285 

10,023 

10,911 

81,512 

1870 

3.689 

7.787 

1-2,445 

9,888 

5,190 

6,396 

8,216 

10,914 

«3,302 

I 

9.17S 

eA2S 

4,692 

5,331 

2,177 

2,461 

6,855 

5,260 

40,124 

2 

180 

1,062 

6,078 

7,589 

3,928 

6,539 

3,065 

36,117 

8 

170 

■42 

ft"-ffi3 

10,773 

6:000 

5;  124 

2:824 

334 

28,546 

186 

5,212 

8,632 

7,916 

6,781 

2,291 

784 

33,621 

6 

10 

50 

i:iM 

7:736 

6,701 

995 

1:341 

1,721 

360 

29,209 

0 

30 

IM 

S,Da9 

7,749 

10,182 

4.626 

«,162 

4,599 

2 

44,666 

7 

498 

4,449 

9.178 

14,103 

6,043 

2,758 

1,788 

49,071 

8 

6,070 

10,968 

1.779 

3,911 

8:769 

fi,S6l 

409 

31 

2.288 

2C6 

38426 

S 

13,016 

13,108 

8,100 

13,078 

9,231 

4,224 

88,466 

1880 

27.208 

11,730 

5,348 

4.993 

9,898 

7,088 

108,834 

1 

16,266 

16,094 

6,436 

2,6S8 

6,039 

4,239 

81,778 

! 

26,802 

21,666 

16,162 

20,407 

13,237 

16S 

119,130 

S 

16,694 

16,280 

11,214 

14,278 

8,764 

1,676 

101,101 

4 

12,162 

18.785 

3,227 

11,300 

6,152 

661 

74,229 

5 

17,169 

13.031 

!3,744 

16,846 

568 

703 

97,616 

0 

9,384 

10;57B 

4,936 

4,424 

3,888 

8.457 

66,387 

7 

10,73ii 
17,26f 

10,371 

14,991 

6,690 

12,210 

4,876 

81,6681 

sa 

?:«3 

6,434 

5,732 

7,738 

87,537 

S 

12,3601 

]7,42Si 

11.7141 

3,921 

87,S67 

1890 

23.7071 

17.S074 

6,3831 

6,744 

9,722 

14,227 

102.733 

1 

27,674 

11,4071 

14,240 

10,997 

106,774i 

i 

20,166 

8.877 

6.457i 

3,697 

7,392 

71,940 

3 

20,0411 
17,100] 

13,907j 

2.9211 

728 

1649 

1.616 

67,691 

( 

15,017i 

6,184j 

1.668 

3,112 

7.451 

87,7884 
40,3W^ 

5 

S,<»1 

10.49? 

1,819) 

368 

1,924 

l,41fi 

6 

9.O70i 

6.466 

3,696 

5.276 

2,932 

696 

38.428 

7 

17,695 

16,518 

26,306 

10,821 

7.022 

5,639 

86,996 

S 

17.699 

11,318 

8,790 

3.967 

6,115 

6,913 

68.357 

9 

16,274} 

17,929} 

9,654 

4,346 

7,138 

2,868 

n,ii<H 

iSOO 

16,11  If 

]7.3fla 

i3.m 

6,7651 

2,292 

1,763 

72,986 

1 

7,169 

13,126 

16,959 

10,731 

2,30? 

1.932 

4,562 

73,0781 

8 

6333 

1B,S41 

18.132 

8^665 

6,462 

11,887 

12.962 

ioo,3er 

S 

4  6.17 

20,02a 

12.677 

10.679 

4,241 

3.100 

13,840 

61,906 

3.BI8 

6,450 

4.129 

4,061 

666 

50 

1,871 

29,992 

n 

3,7B8 

81887 

fl;6ai 

2,262 

2,616 

85! 

1.053 

36,802 

B 

4496 

6.618 

6,616 

8,738 

6,844 

4,905 

12,086 

68,601 
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TABLE  XIII. 

Showing  the  Number  of  CraoH  of  Herrings  iiinded  Yearly  at  each  District  ii 

Clyde  Aren,  1364^1906. 


Year. 

Ballan- 

ttae. 

Campbel- 
town. 

Inver- 
aray. 

Greenock 

Rothesay 

Tola]. 

1854     ... 

16,600 

480 

17.080 

5     ... 

31,173 

3,600 

4,100 

38,873 

6     ... 

42,610 

510 

3,075 

46.196 

7     ... 

24,600 

800 

2,500 

27.9(XI 

8    ... 

25,950 

2.085 

2.680 

30.616 

9     ... 

30,395 

1.650 

1,220 

33,265 

1880     ... 

40.766 

2.960 

8,970 

53,686 

1     ... 

10.861 

725 

2.731 

20,307 

2    ... 

57,36t 

5,260 

2,284 

l>},905 

3    ... 

825 

l,iM7 

23.923 

7201 

4,042 

31,068 

4     ... 

903 

2,851 

12.867 

1,273 

38,318 

54,214J, 

5    ... 

4,400 

2,663 

26.118 

4,996 

38,436 

76,513^ 

6     ... 

2,389 

2,020 

28,360 

2,734 

35.297 

70.71M) 

7     ... 

966 

2,038 

34.416 

28,791 

67,466 

8     ... 

1,800 

1,732 

39,795 

33^640 

9.712 

80.679 

9     ... 

2,279 

7,446 

34,024 

16,670 

24,093 

84,512 

1870    ... 

5,300 

8,509 

26,90lt 

4,350 

18,234 

03,302 

1     ... 

2,097 

6,063 

13,615 

2.260 

16,589 

40,124 

2     ... 

2,340 

15,432 

9.067 

553 

9,136 

36.417 

3    ... 

3,929 

16,891 

3,648 

1,926 

3.161 

38,646 

4    ... 

8,360 

16,400 

4,806 

1,845 

3,220 

33,621 

6    ... 

9,729 

.%066 

13,646 

692 

2,177 

29.2I>9 

8,078 

7,276 

22,8.16 

1.517 

4,962 

U,666 

7     ... 

12.197 

12,081 

19,618 

1.602 

3,673 

49.071 

8    ... 

18,806 

9,085 

8,890 

608 

1.037 

38.425 

9    ... 

25,987 

33,980 

21,045 

1,680 

5,874 

88,466 

1880    ... 

37,liO0 

37,520 

22.768 

2,117 

8.839 

108,8.34 

1     ... 

25,850 

20,,193 

32,943 

1,214 

1,378 

81,778 

S    ... 

10,956 

43,609 

56,764 

3.734 

5,077 

119,130 

3    ... 

25,001 

36.465 

36,109 

1,519 

2,007 

101,101 

4    ... 

18,3i3 

33,672 

15,766 

2.017 

4,561 

74,2-29 

5    ... 

23,580 

38,842 

28,847 

1.361 

7,185 

97.815 

6    ... 

6,8864 

29,318 

15,062 

687i 

4,434 

56.387 

11,761 

43,536 

14,3601 

1,636 

10.376 

81.668* 

8    ... 

12,920 

41,369 

80,268 

3,071 

0.919 

87.637' 

B     ... 

13,668i 

3!,906i 

29.865i 

2,068 

8,849 

87,367 

1890    ... 

19,172 

25.453 

38,291i 

1,067 

18,749 

102,733 

1    ... 

13,493 

30,997  i 
18,1631 

48,228 

2,642 

11,613 

106. 774^ 

5,387* 

47.408i 
36.3891 

1,107 

2,873 

74,940 

3     '.'.'. 

1,548 

14.141 

2,060 

3,552 

57,691 

4     ... 

2,467 

24,2791 
15.76&i 

38,367 

627 

2,143 

67.783i 

5    ... 

3,310 

17.863 

1,128 

2,276 

40.332| 

6     ... 

1,941 

14,973 

18,406 

662 

2.446 

38,428 

7    ... 

1,748 

24,202 

50.820 

688 

3.638 

80.996 

8     ... 

1,318 

23,817 

40,801 

295 

2.128 

68.367 

9    ... 

2,978 

31,898 

32.113 

582^ 

3,539 

71.110i 

1900    ... 

5,480 

40,557 

24.743 

182 

1,973 

72,935 

1     ... 

10,637 

31,349 

29,117 

2501 

1,825 

73.078i 

2     ... 

8,037 

38,016 

26,339 

1.965 

26,049 

100,397 

3    ... 

2,262 

29.702 

21,198 

332 

28,361 

81.905 

4     ... 

1,448 

12,906 

7,827 

271 

7,640 

29.992 

5     ... 

4.479 

21,458 

4.673 

4.455 

1,738 

36,803 

[        6    ... 

15,699 

11,070 

5.268 

7.866 

13,709 

53,001 
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TABLE  XIV. 

Showing  the  Number  of  Boats  per  Month  Fishing  in  the  Ballantrae 

District,  1863-1906. 


• 

•-3 

f 

• 

• 

• 

< 

IS, 

• 

c 

•-3 

• 

•-3 

326 

< 

• 

6 

• 

> 

1 

i 

• 

1 

1863 

■  •  • 

•  •  • 

a  a  « 

•  •  • 

286 

136 

3 

•  •  • 

a  a  • 

•  a  a 

760 

4 

•  ■  • 

•  •  ■ 

•  •  a 

•  •  • 

355 

284 

99 

13 

5 

19 

3 

778 

6 

•  k  • 

■  •  • 

a  a  a 

•  ■  a 

227 

201 

185 

6 

•  ■  a 

101 

116 

836 

6 

3 

•  •  • 

«  «  a 

•  •   % 

202 

219 

141 

6 

2 

139 

28 

740 

7 

47 

•  •  ■ 

•  •  % 

a  a  a 

191 

224 

199 

3 

•  •  • 

10 

2 

676 

8 

16 

•  ■  • 

■  a  a 

•  a  a 

a  ■  a 

148 

142 

43 

25 

12 

10 

396 

9 

8 

•  •  • 

a  •  • 

n  »  • 

206 

319 

174 

19 

28 

6 

6 

766 

J  870 

37 

•  • 

m  •  • 

48 

332 

269 

88 

15 

13 

23 

6 

830 

1 

22 

•  ■  • 

a  a  a 

116 

420 

238 

23 

5 

8 

4 

1 

837 

2 

•  ■  • 

•  •  • 

•  a  • 

a  •  • 

247 

2  7 

157 

a  a  a 

4 

6 

•  •  « 

630 

3 

a  •  • 

•  •  • 

•  a  • 

26 

231 

336 

99 

17 

6 

16 

a  •  « 

730 

4 

•  •  • 

... 

■  ■  a 

57 

267 

304 

109 

2 

•  •  • 

•  •  • 

•  a  • 

739 

5 

•  •  • 

•  •  • 

•  a  ■ 

84 

164 

209 

142 

18 

•  ■  • 

• « • 

•  •  a 

617 

6 

•  •  • 

•  a  • 

a  a  a 

150 

354 

262 

158 

10 

17 

■  •  • 

•  •  • 

961 

7 

... 

•  • 

... 

a  a  a 

237 

263 

238 

113 

^  ^ 

2 

a  •  • 

a  •  a 

863 

8 

386 

692 

577 

15 

183 

327 

197 

•  •  • 

a  a  • 

•  m  % 

10 

21 

2408 

9 

838 

961 

711 

57 

174 

312 

195 

198 

50 

63 

15 

434 

4008 

1880 

983 

1004 

647 

10 

107 

447 

543 

193 

58 

70 

478 

301 

4841 

1 

1200 

1202 

606 

•  •  • 

•  a  a 

483 

368 

176 

a  •  a 

•  ■  • 

86 

273 

4394 

2 

754 

1227 

433 

a  a  a 

178 

7a3 

184 

51 

40 

46 

21 

186 

3822 

3 

856 

812 

555 

a  a  • 

322 

553 

341 

125 

41 

a  a  • 

2 

162 

3769 

4 

599 

979 

4-23 

40 

357 

511 

376 

167 

31 

16 

34 

82 

3616 

5 

312 

1029 

755 

•  a  a 

189 

498 

465 

179 

14 

a  ■  a 

a  •  - 

38 

3479 

6 

201 

764 

764 

•  %  * 

24 

257 

501 

242 

57 

82 

36 

48 

2976 

7 

94 

254 

307 

•  •  • 

7 

317 

283 

170 

34 

7 

57 

46 

1676 

8 

121 

137 

170 

a  a  • 

97 

285 

262 

171 

8 

43 

•  a  a 

146 

1440 

9 

178 

372 

54 

•  a  a 

101 

295 

244 

112 

■  a  • 

•  •  ■ 

42 

196 

1594 

1890 

129 

451 

174 

•  •  ■ 

124 

183 

321 

82 

a  •  a 

74 

502 

2040 

1 

333 

665 

■  ■  a 

•  *   • 

140 

301 

;i08 

64 

i's 

24 

207 

316 

2376 

2 

... 

118 

99 

16 

114 

387 

288 

16 

•  a  • 

•  •  a 

•  •  a 

34 

1072 

3 

6 

132 

5 

•  a  a 

110 

263 

169 

37 

•  a  • 

•  a  • 

•  •  • 

a  •  • 

722 

4 

•  •  • 

3 

40 

•   m   t 

100 

307 

294 

125 

22 

2 

•  •  • 

a  a  • 

893 

5 

•  ■  • 

51 

119 

•  •  n 

141 

299 

270 

152 

a  a  a 

•  •  • 

■  •  ■ 

•  a  a 

1032 

6 

•  •  • 

9 

23 

•  a  - 

92 

256 

228 

40 

15 

60 

•  •  • 

•  •  • 

723 

7 

•  •  • 

21 

51 

•  a  a 

■  •  • 

74 

276 

79 

60 

51 

•  «  • 

■  a  « 

602 

8 

•  •  • 

... 

•  a  • 

a  •  • 

a  a  ■ 

240 

202 

• 

• 

•  •  a 

•  •  • 

a  •  « 

442 

9 

... 

•  •  • 

•  a  • 

•  »  a 

58 

243 

130 

157 

47 

67 

48 

a  a  a 

750 

1900 

•  •  • 

77 

132 

•  •  % 

48 

185 

134 

87 

17 

30 

13 

6 

729 

1 

«  •  ■ 

336 

146 

71 

160 

125 

62 

34 

n  •  • 

■  •  a 

a  a  a 

934 

2 

248 

407 

198 

•  ■ 

63 

107 

180 

77 

•  ■  • 

•  a  a 

•  a  « 

•  a  a 

1280 

3 

117 

101 

38 

a  •  • 

52 

115 

183 

6 

44 

21 

a  •  • 

a  a  a 

677 

4 

46 

136 

63 

a  a  a 

• » • 

121 

143 

70 

23 

•  a  • 

•  a  « 

•  •  t 

602 

5 

... 

a  •  a 

*  *  *      1 

146 

120 

156 

46 

•  a  a 

a  a  a 

•  •  • 

468 

6 

•  •  • 

80 

45 

a  a  •           a  a  a 

133 

136 

142 

68 

•  a  a 

184 

387 

1176 
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TABLE   XV. 

Showing  the  Number  of  Boats  per  Month  Fishing  in  the  Campbeltown  District, 

1863-1906. 


i 

• 

G 

Feb. 
Mar. 

i 

S3 

• 

§ 
230 

July 

9 

< 

Sept. 

• 

o 
O 

• 

> 

1 

1 
Total. 

1863 

• .  •               . .  - 

a  • 

586 

98 

23 

ft  ft  ft 

ft  ft  ft 

937 

4 

• «                  •  •  • 

•  •  • 

a  •  • 

346 

415 

243 

69 

2 

ft  ft  ft 

1075 

5 

•  «  •          a  •  • 

•  a  • 

a  a  • 

364 

385 

341 

6 

1 

•  a  ft 

1097 

6 

•  •  •          •  •  • 

■  •  a 

.. 

358 

395 

324 

26 

ft  ft  • 

a  a  a 

1103 

7 

•  •  •          •  •  • 

t  •  m 

.. 

326 

334 

302 

27 

ft  ft  • 

ft  ft  ft 

989 

8 

•  •  •           •  •  a 

•  •  a 

•  a  a 

2?0 

290 

159 

80 

•  ft  ft 

ft  ■  ft 

749 

9 

•  •  a           a  •  • 

a  •  • 

•• 

212 

544 

573 

285 

18 

•  •  ft 

1632 

1870 

a  •  •           •  •  • 

a  • 

a  •  • 

227 

465 

702 

541 

172 

31 

*  m  » 

2138 

1 

a  a  •           •  •  • 

• 

•  •  ■ 

324 

766 

1116 

488 

175 

•  ft  • 

■  •  a 

2869 

2 

•  •  •           •  •  • 

•  a  • 

■  a  ■ 

286 

948 

1716 

864 

380 

a  a  ft 

4194 

3 

•  •  •           •  •  • 

•  •  • 

a  a  • 

179 

1639 

•2019 

933 

334 

•  •  ft 

ft  a  • 

5104 

4 

■  a  •           •  a  * 

•  •  a 

a  •  ft 

291 

1375 

1232 

871 

738 

132 

•  a  ft 

4639 

5 

•  a  a           •  a  • 

»  »  % 

a  a  • 

325 

555 

486 

219 

14 

ft  ft  ft 

•  ft  • 

1599 

6 

•  •  •           •  • 

.  •  ■ 

a  •  ft 

430 

557 

8-24 

781 

9 

• » % 

ft  ft  a 

2601 

7 

•  a  .    1      ... 

•  •  • 

ft  ft  ft 

351 

457 

545 

381 

61 

ft  •  ft 

•  a  ■ 

1795 

8 
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TABLE  XVI. 

ShowiDg  the  Number  of  Boats  per  Month  Fishing  in  the  Inveraray  District, 

1854-1906. 
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TABLE    XVII. 

Showing  the  Number  of  Boats  per  Month  Fishing  in  the  Inveraray  and 

Campbeltown  Districts,  1864-1906. 
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2738 
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1869 
2140 

-24-26 
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1545 
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1454 
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1-291 

1335 

1509 

1719 

577 

1700 

149 

1504 

14-20 

1490 

•2-262 

1548 

1400 

1520 

1448 

1891 

1782 

1541 

1-287 

1.S51 

1-282 

846 

1042 

709 

820 

193 

653 

1030 

723 

1066 

1160 

1103 

1116 

842 

1358 

1-2-20 

1384 

1160 

738 

900 

592 

876 

612 

670 

244 

480 

498 

452 

60 

460 
290 

750 
1600 

711 

1-287 

1850 

821 

55 

18 

461 

704 

178 

290 

388 
34 

•292 
15 

251 
70 
94 
98 

192 

1003 

833 

96 

177 

4 

610 

1800 

1400 

705 

979 
1310 
1430 
743 
774 
518 
475 
867 
8-25 
640 

554 
955 
854 
1114 
930 
418 
16 


Totel. 


5865 
8720 
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11,736 
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14,7-29 
11,084 
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1»959 

10,016 
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8711 
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8518 

9203 
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8611 
8385 
7824 
6142 
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TABLE   XVin. 

Showing  the  Number  of  Boats  per  Month  Fishing  in  the  Greenock  District, 

1856-1906. 
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49 

9 

270 

•  •  • 

•  •  • 

373 

3 

•  •  • 

45 

27 

7 

•  t 

•  •  • 

79 

4 

■  •  • 

42 

48 

29 

•  •  • 

•  •  • 

119 

5 

24 

38 

157 

236 

110 

565 

6 

•  •  • 

36 

80 

62 

22 

291 

288 

779 

124 
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TABLE  XES:. 

Showing  the  Number  of  Boats  per  Month  Fishing  in  the  Rothesay  District 

1854-1906. 


i 

• 

c 

•  •  • 

• 

May. 

i 

• 

< 

* 

4i 

6 

•  •  • 

• 

is. 

1 

Total. 

1854 

•  •  • 

•  •  • 

•  ■  • 

202 

75 

•  •  • 

a  a  • 

277 

5 

•  •  • 

•  •  • 

70 

324 

285 

•  •  a 

•  •  a 

•  ■  a 

679 

6 

• » • 

•  •  • 

60 

290 

320 

150 

78 

•  a  • 

898 

7 

•  •  • 

«  •  • 

25 

284 

156 

260 

140 

•  a  • 

865 

8 

•  •  ■ 

•  •  • 

•  •  • 

380 

730 

510 

•  •  • 

•  a  a 

1620 

9 

•  •  • 

•  •  • 

a  •  • 

340 

360 

a  a  • 

•  a  • 

181 

881 

1860 

•  •  • 

•  •  • 

•  •  a 

270 

1095 

950 

840 

442 

230 

3827 

1 

•  •  • 

•  •  ■ 

63 

530 

510 

50 

930 

500 

60 

2643 

2 

•  • « 

•  •  t 

•  a  • 

222 

414 

139 

a  a  a 

10 

4 

789 

3 

•  •  • 

17 

272 

202 

101 

278 

325 

625 

1820 

4 

•  •  • 

•  a  • 

598 

731 

395 

663 

1340 

1490 

5217 

5 

•  •  * 

•  •  • 

14 

430 

1138 

1195 

1570 

1590 

1900 

7837 

6 

780 

•  •  • 

•  •  • 

260 

569 

200 

604 

2100 

1360 

5873 

7 

710 

•  •  • 

•    »    9 

a  a  a 

292 

143 

825 

413 

700 

3083 

8 

418 

•  ■  • 

•    •    • 

63 

107 

129 

395 

12 

492 

1616 

9 

768 

•  «  • 

178 

•  •  • 

160 

448 

790 

1193 

1700 

5237 

1870 

800 

•  •  • 

•  •  a 

225 

384 

710 

490 

715 

1360 

4684 

1 

660 

•  •  • 

136 

281 

932 

550 

86 

848 

1070 

4563 

2 

550 

•  «  • 

a  •  « 

95 

625 

530 

1095 

1275 

900 

5070 

3 

270 

•  •  • 

90 

460 

321 

422 

269 

50 

a  •  • 

1882 

4 

• »  • 

•  •  • 

a  a  a 

289 

541 

396 

222 

40 

a  a  a 

1488 

5 

•  •  •   I 

■  a  • 

a  •  a 

424 

264 

120 

141 

146 

•  •  • 

1095 

6 

•  •  ■ 

1 

'  •  •  1 

•  •  • 

•  •  • 

241 

372 

512 

223 

393 

5 

1746 

7 

■  •  • 

1 

•  •  • 

18 

210 

400 

168 

151 

127 

•  •  • 

1074 

8 

•  ■  •      •  •  •   1 

a  •  a 

209 

336 

43 

•  a  • 

43 

8 

639 

9 

1 

•  •  •      •  •  • 

•  •  • 

65 

446 

387 

167 

422 

468 

37 

1992 

1880 

1 
•  •  •   1    • «  • 

75 

709 

484 

248 

268 

527 

138 

2449 

1 

• « » 

•  a  • 

•  a  a 

197 

257 

15 

a  •  a 

43 

28 

540 

2 

•  •  •      ■  •  • 

a  •  a 

•  a  a 

197 

72 

341 

538 

18 

1550 

3 

1 

•  •  •      •  •  • 

9   •   • 

176 

130 

34 

158 

276 

65 

839 

4 

•  •  •          •  •  a 

■  ■  a 

a  •  • 

406 

360 

186 

428 

275 

44 

1699 

5 

■  •  a 

140 

497 

212 

342 

645 

285 

151 

2272 

6 

■  a^  •           •  •  • 

a  •  a 

■  •  • 

369 

320 

107 

859 

435 

180 

2270 

7 

a  ■  • 

a  •  • 

500 

849 

343 

630 

400 

132 

2854 

8 

•  •  ■           ■  •  • 

•  •  a 

105 

453 

661 

284 

232 

119 

40 

1894 

9 

1 

125 

435 

619 

387 

574 

160 

20 

2320 

1890 

...  i 

•  •  a 

42 

652 

595 

325 

258 

154 

75 

2101 

1 

■  •  • 

110 

507 

335 

196 

171 

218 

55 

1592 

2 

■  ■  •             •  •  a 

224 

399 

255 

139 

107 

75 

20 

1219 

3 

323 

295 

200 

91 

54 

54 

a  a  • 

1017 

4 

•  •  t             •  ■  ■ 

•  •  ■ 

105 

240 

171 

37 

62 

24 

5 

644 

5 

•  •  •             •  •  « 

274 

374 

307 

94 

36 

12 

1097 

6 

•  •  •             •  •  • 

•  a 

75 

276 

119 

59 

81 

18 

628 

7 

•  •  •             ■  • 

a  •  a 

50 

264 

168 

176 

104 

50 

6 

818 

8 

•  •  • 

105 

162 

162 

122 

59 

64 

674 

9 

1 
•  •  •             •  •  • 

1 

... 

78 

110 

129 

81 

83 

85 

566 

1900 

.  •  1 

•  •  • 

47 

105 

106 

101 

26 

•  •  • 

385 

1 

.  .  •       ...       •  ■  > 

•  a  a 

11 

94 

107 

66 

14 

•  •  • 

292 

2 

1 

1 

...   '     ...   ; 

a  •  • 

18 

110 

136 

54 

349 

593 

637 

1897 

3 

442   40  \     ... 

'  •   •   9 

9 

107 

72 

400 

442 

513 

558 

2583 

4 

•  •  •      •  •  • 

•  •  • 

•  •  • 

7 

73 

80 

509 

198 

46 

399 

1312 

5 

•  •  •      •  •  • 

•  •  • 

•  *  • 

10 

59 

160 

7 

31 

16 

13 

296 

6 

•  •  •      ■  •  • 

•  •  • 

a  •  • 

22 

77 

560 

837 

1003 

19 

41 

2559 

of  iKt  Fishsry  Boa/rd  for  Scotland, 
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TABLE   XX. 

Showing  the  Number  of  Boats  Fishing  per  Month  in  the  whole  Clyde  Area, 

1854-ir 


Year. 

• 

•  •  • 

1 

• 

u 

< 

• 

1 

• 

1 

< 

% 

4i 

300 

• 

1 

i 

Totel. 

1854 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•2377 

2746 

350 

370 

•  •  • 

6142 

5 

• .  • 

•  •  • 

•  •  • 

•  •  • 

191 

2415 

2945 

1620 

1160 

1360 

460 

10.141 

6 

.. . 

•  •  • 

•  •  • 

•  •  • 

276 

•2637 

2568 

2270 

1368 

810 

290 

10,209 

7 

•  •  • 

•  ■  • 

•  •  • 

•  •  • 

233 

3038 

2503 

2444 

2190 

400 

•  ■  • 

10,806 

8 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

210 

2928 

2720 

•2950 

1800 

1400 

750 

12,758 

9 

•  •  • 

■  •  • 

•  •  » 

•  •  • 

223 

2969 

2883 

2650 

1570 

1631 

1600 

13,426 

1860 

320 

145 

225 

170 

123 

1530 

2781 

4278 

3296 

2686 

2462 

941 

18,947 

1 

•  •  • 

•  •  • 

• «  • 

•  •  • 

1265 

3218 

3521 

2310 

3320 

1690 

1347 

16.671 

2 

•  •  • 

•  •  • 

•  •  • 

807 

3104 

3501 

3270 

3383 

2833 

1864 

18,762 

3 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1308 

3396 

3279 

2860 

3302 

•2268 

1446 

17,849 

4 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

2134 

3617 

3132 

3042 

2290 

1910 

1678 

17,703 

5 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1528 

3272 

4784 

3276 

2705 

'2630 

2172 

20,366 

6 

848 

•  •  « 

•  •  • 

•  •  • 

•396 

2738 

3797 

2298 

2599 

3463 

1930 

19,069 

7 

1029 

•  •  • 

1314 

2288 

2912 

2256 

•2343 

1048 

1429 

14,619 

8 

1014 

•  •  • 

•  •  ■ 

•  •  • 

966 

2154 

2108 

2113 

2470 

1353 

1712 

13,890 

9 

1030 

» •  • 

•  •  • 

•  •  • 

1452 

2862 

2695 

2976 

3075 

2078 

2197 

18,364 

1870 

1213 

•  •  • 

•  •  • 

48 

1851 

2610 

2931 

3363 

2253 

2163 

1883 

18,316 

1 

842 

•  •  • 

•  •  • 

116 

2304 

3107 

3603 

1884 

1057 

1351 

1175 

16,439 

2 

560 

•  •  • 

•  •  • 

•  •  ■ 

1194 

•2302 

4202 

2289 

1943 

1791 

1192 

16,473 

3 

270 

•  ■  • 

•  *  • 

26 

1115 

3713 

2730 

1661 

993 

243 

16 

10,656 

4 

•  •  • 

•  •  • 

... 

57 

1101 

3168 

2844 

1930 

1260 

186 

•  • 

10,636 

5 

6 

•  •  • 

•  •  • 

84 

917 

2282 

1804 

935 

801 

603 

261 

7683 

6 

10 

•  •  • 

•  •  ■ 

150 

1324 

1947 

2442 

2218 

1376 

1107 

75 

10,649 

7 

2 

•  •  • 

•  •  • 

237 

1134 

1864 

3004 

1730 

1288 

404 

94 

9767 

8 

386 

692 

577 

15 

183 

1397 

1833 

2100 

478 

42 

368 

127 

8188 

*      9 

838 

961 

711 

57 

268 

1440 

2573 

2089 

1580 

2058 

2416 

663 

16,663 

1880 

983 

1004 

647 

10 

230 

1867 

3462 

2304 

2221 

2234 

2809 

1442 

19,213 

1 

1200 

1202 

606 

•  •  • 

•  •  • 

2534 

2854 

3204 

1636 

602 

1166 

1134 

16,127 

2 

754 

1227 

433 

•  •  ■ 

178 

3411 

3550 

3035 

1785 

1769 

1850 

300 

18,292 

3 

856 

812 

555 

•  ■  • 

3*22 

•2725 

3004 

3233 

1677 

1493 

1787 

404 

16.868 

4 

599 

979 

423 

40 

357 

2500 

4052 

2651 

1683 

2163 

886 

126 

16,469 

5 

312 

1029 

755 

•  •  • 

189 

2506 

3965 

2422 

1970 

2346 

434 

193 

16,120 

6 

201 

764 

764 

•  •  • 

24 

1956 

3460 

2658 

1726 

2445 

1891 

838 

16,727 

7 

94 

254 

307 

•  *  • 

539 

2591 

3186 

2977  ;2566 

2127 

2719 

1978 

19,338 

8 

121 

137 

170 

•  •  • 

97 

2015 

3379 

3258 

1806 

1823 

1519 

1686 

16,911 

9 

178 

372 

54 

•  ■  • 

101 

2101 

2439 

2209 

1194 

2094 

1660 

921 

13,313 

1890 

129 

451 

174 

•  •  • 

147 

2409 

3598 

18^2 

813 

2149 

2010 

1666 

16,298 

1 

333 

665 

•  •  • 

•  •  • 

173 

2349 

3429 

1657 

1125 

1736 

1712 

1680 

14,869 

2 

•  •  • 

118 

99 

16 

114 

2639 

2703 

1490 

1468 

1468 

1367 

1484 

12,936 

3 

6 

132 

5 

•  • 

110 

2895 

2524 

1770 

1133 

900 

1096 

743 

11,314 

4 

3 

40 

•  •  • 

100 

1884 

2277 

2620 

1371 

773 

844 

779 

10,691 

5 

•  •  • 

51 

119 

•  ■  • 

141 

2311 

2710 

2572 

1007 

229 

666 

618 

10,323 

6 

•  •  • 

9 

23 

92 

1849 

2853 

1799 

1284 

1171 

741 

475 

10,296 

7 

.. 

21 

51 

•  •  • 

•  •  ■ 

1242 

2812 

1979 

2320 

1221 

1-JlO 

873 

11,729 

8 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

2106 

2007 

1976 

2139 

1162 

1180 

826 

11,:{94 

9 

• « • 

•  •  • 

•  •  • 

■  •  • 

58 

1685 

1694 

2225 

1286 

996 

1491 

640 

10,074 

1900 

•  •  • 

77 

132 

48 

1873 

1614 

1948 

1517 

1278 

1397 

660 

10,444 

1 

•  *  • 

336 

146 

•  •  • 

71 

1752 

1667 

2013 

1480 

1177 

738 

966 

10,336 

2 

248 

407 

198 

•  ■  • 

63 

1540 

2204 

1832 

1744 

1249 

1186 

1491 

12,161 

3 

559 

141 

38 

•  •  • 

52 

1494 

2047 

1580 

1777 

1339 

1126 

1662 

11,814 

4 

46 

136 

63 

•  •  • 

345 

1623 

1588 

1598 

1971 

868 

290 

1329 

9867 

5 

••• 

•  •  • 

■  •  • 

•  •  • 

420 

1430 

1498 

1774 

547 

747 

6-24 

431 

7471 

6 

80 

45 

» ■  • 

450 

1081 

1373 

1672 

1156 

1477 

654 

732 

8619 

126 
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TABLE   XXI. 
Yearly  Tiible  of  Boats  Fishing  in  the  whole  Olyde  Area,  1854-1906. 


Year. 

Ballantrae. 

Campbel- 
town. 

Inveraray. 

Greenock. 

Rothesay. 

Total. 

1854 

•  •  • 

•  •  • 

5,865 

•  •  • 

277 

6,142 

6 

•  •  • 

•  •  • 

8.720 

742 

679 

10.141 

6 

•  •  • 

•  •  • 

8,920 

391 

898 

10,209 

7 

•  •  • 

•  •  • 

9,235 

708 

865 

10,806 

8 

•  ■  • 

■  •  • 

10,450 

688 

1,620 

12,768 

9 

•  •  ■ 

•  •  • 

11,736 

809 

881 

13,426 

1860 

•  •  • 

•  ■  • 

13,617 

1,503 

3,827 

18,947 

1 

•  •  • 

•  •  • 

13,293 

735 

2,643 

16,671 

2 

•  •  • 

•  •  • 

16,043 

1,920 

789 

18,752 

3 

760 

937 

13,792 

550 

1,820 

17,849 

4 

778 

1,075 

10,009 

624 

5,217 

17,703 

5 

835 

1,097 

9,685 

912 

7,837 

20,366 

6 

740 

1,103 

10,349 

994 

5,873 

19,059 

7 

676 

989 

9,170 

701 

3,083 

14,619 

8 

396 

749 

8,344 

2,785 

1,616 

13,890 

9 

765 

1,632 

7,452 

3,278 

5,237 

18,364 

1870 

830 

2,138 

9,414 

1,249 

4,684 

18,315 

1 

837 

2,869 

6,377 

793 

4,563 

15,439 

2 

630 

4,194 

5,282 

297 

5,070 

15,473 

3 

730 

5,104 

2,407 

543 

1,882 

10,666 

4 

739 

4,639 

3,179 

491 

1,488 

10,536 

5 

617 

1,599 

4,153 

219 

1,095 

7,683 

6 

951 

2,601 

4,867 

484 

1,746 

10,649 

7 

853 

1,795 

5,544 

491 

1,074 

9,757 

8    ... 

2,408 

2,313 

2,499 

329 

639 

8,188 

9 

4,008 

5,771 

3,359 

523 

1,992 

15,653 

1880 

4,841 

6,858 

4,567 

498 

2,449 

19,213 

1 

4,394 

6,126 

4,757 

310 

540 

16,127 

2 

3,822 

6,823 

5.561 

536 

1,550 

18.29^ 

3 

3,769 

6,751 

5,217 

292 

839 

16,868 

4 

3,615 

6,172 

4,476 

497 

1,699 

16,459 

5 

3,479 

5,650 

4,230 

489 

2,272 

16,120 

6 

2,976 

6,557 

4,531 

393 

2,270 

16,727 

7 

1,576 

8,097 

6,352 

459 

2,854 

19,338 

8 

1,440 

7,028 

4,844 

705 

1,894 

16,91 1 

9 

1,594 

3,551 

5,072 

776 

2,320 

13,313 

1890 

2,040 

4,570 

5.999 

588 

2,101 

15,298 

1 

2,375 

2,321 

7,638 

933 

1,592 

14,859 

2 

1,072 

2,232 

7,784 

629 

1,219 

12,936 

3 

722 

1,840 

7,080 

655 

1,017 

11,314 

4 

893 

2,561 

6,160 

443 

644 

10,691 

5 

1,032 

2,392 

5,152 

650 

1,097 

10,323 

6 

723 

3,108 

5,496 

341 

628 

10,296 

7 

602 

2,867 

7,056 

386 

818 

11,729 

8 

442 

3,787 

6,299 

192 

674 

11,394 

9 

750 

3,271 

5,247 

240 

566 

10,074 

1900 

729 

3.994 

5,209 

127 

385 

10,444 

1 

934 

3,608 

5,340 

161 

292 

10,335 

2 

1,280 

3,316 

5,295 

373 

1,897 

12,161 

3 

677 

3,094 

5,381 

79 

2,583 

11,814 

4 

602 

2,869 

4,955 

119 

1,312 

9,857 

5 

468 

2,627 

3,515 

565 

296 

7,471 

6 

1,175 

1,722 

2,384 

779 

2,559 

8,619 

of  the  Fitkemf  Board  Jor  Scoiland. 


Table  XXII.,  showing  the  Weekly  Catch  of  Herringa  in  the  Firth 
of  Clyde  DiBtrictfl  from  1854-1906. 


Week  ended 

Ballftn- 
trae. 

Campbel 
town. 

Inver- 
aray. 

Green- 
ock. 

Rothe- 

Bay. 

Totol. 

BmU 

>»„ 

B«li 

n„. 

Cn.. 

Uniu 

BMtl 

^ 

Co>U 

Onni 

1854. 
July            1     . 

8  . 

15  . 

\\             29    '. 

Aug.            5    . 
12    . 
19    . 

Sept.           2    . 

9  . 

16  . 
23    . 
30    . 

Oct             7    . 
14     . 
21     . 
28    . 

Nov.             4     . 
11     . 
18     . 
25     . 

Dec.            2    . 

1855. 
To  June     16     . 
June          23    . 
30    . 

July            7    . 
14     . 

21  . 

28  . 

Aug.            4    . 

11     . 
18     . 
25    . 

Sept,           1     . 

!!       15  . 

22  . 

29  . 

■ 

: 

100 
460 
460 
465 
400 

500 
550 
540 
540 

540 
350 

300 

ISO 

140 

80 

? 
340 
390 

426 

380 
380 

425 

480 
600 
500 
520 

520 
520 

400 
300 
400 

800 
700 
1000 
1000 
1500 

700 

800 
1500 

2000 

1200 

800 

2400 

500 

uoo 

600 

1326 
830 
1473 

2065 
1674 
1276 
707 

1650 
2000 
3000 
1800 

2200 

1000 
200 

200 
600 

12 

12 
12( 

12( 
12( 

1 
4( 

3( 

13 
4 

81 
4i 
3( 

I 
3 

)a 

b 

n 

0 

t6 
0 

to 

12 

100 
90 

50 
20 

5 
7 

V 

70 

90 
90 
90 
54 

60 
45 

TO 
70 

60 

15 
135 
150 

20 

80 
50 
20 

10 

1800 

600 

600 
300 
100 

80 
110 

210 
200 

«0 
460 
472 

565 
490 

550 
570 
545 
640 

540 
350 

300 

150 
140 
80 

340 
581 

u:{6 

590 
690 
599 

600 
665 
600 
590 

570 
520 
400 
300 
400 

800 
700 
1015 
1136 
1650 

720 
880 
1550 
2020 

1210 
800 

2400 
500 

iiiw 

600 

830 
3686 

3473 
2719 
1882 

877 

1766 
2160 
3290 
2000 

2300 

1000 
200 
200 

eoo 

Part  III. — Tvmitf-Jifih  Anmial  Export 


i  2106 
I  1500 
t  2710 


I  3300 

»  3000 
)  1500 


>  3000 
\  1500 
I   1500 
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T^BLE  XXII.,  showing  the  Weekly  Catch  of  Herrings  in  the  Firth  of  Clyde 

Districts  from  lS64t-190d-— continued. 


Ballan- 

Campbel- 

Inver- 

Green- 

Rothe- 

Tofal 

trae. 

town. 

aray. 

ock. 

say. 

Weeke 

nded 

BoftU 

Onns 

Boato 

0  ana 

Boats 

Orans 

Boats 

Orani 

Boats 

Orans 

Boats 

Orans 

1857. 

July 

4  . 

• 

375 

1060 

139 

180 

50 

150 

564 

1390 

f } 

11  . 

• 

480 

1380 

70 

70 

60 

835 

610 

2285 

ti 

18  . 

• 

480 

1410 

90 

140 

60 

65 

630 

1615 

>» 

25  . 

• 

480 

1950 

76 

100 

60 

180 

616 

2230 

Aug. 

1  . 

• 

500 

3000 

64 

50 

54 

120 

618 

3170 

1) 

8  . 

• 

530 

800 

29 

30 

54 

80 

613 

910 

)f 

16  . 

• 

580 

1000 

10 

10 

34 

40 

624 

1050 

yy 

22  . 

•      • 

580 

2500 

10 

10 

34 

40 

624 

2550 

»» 

29  . 

•      •  1    • 

600 

1300 

8 

10 

34 

40 

642 

1360 

Sept. 

5  . 

1 
1 

•   ■     •        • 

600 

1000 

4 

10 

40 

80 

644 

1090 

f  ) 

12  . 

• 

•       • 

540 

600 

80 

220 

620 

820 

jy 

19  . 

• 

•       • 

540 

400 

80 

80 

620 

480 

>» 

26  . 

• 

• 

500 

600 

60 

60 

560 

660 

Oct. 

3  . 

• 

450 

700 

70 

180 

520 

880 

«) 

10  . 

•      • 

400 

800 

35 

80 

435 

880 

f  f 

17  . 

.  > 

400 

1200 

35 

100 

435 

1300 

)i 

24  . 

1 

•      • 

400 

700 

• 

• 

400 

700 

>» 

31  . 

• 

400 

400 

• 

• 

400 

400 

Nov. 

7  . 

• 

• 

• 

• 

• 

• 

• 

« 

f  > 

14  .    . 

• 

• 

• 

• 

• 

• 

• 

)f 

21  . 

• 

300 

1000 

• 

• 

300 

1000 

ft 

28  . 

• 

100 

200 

• 

• 

100 

200 

1858.     i 

To  June 

5  . 

• 

• 

• 

• 

? 

♦7 

? 

+500 

• 

• 

June 

12  . 

• 

• 

• 

• 

73 

13 

• 

• 

73 

13 

)) 

19  . 

• 

• 

• 

• 

62 

10 

• 

• 

62 

10 

9* 

26  . 

• 

i 

♦3000 

76 

60 

• 

■ 

75 

60 

July 

3  . 

• 

300 

400 

51 

53 

• 

• 

351 

453 

tf 

10  . 

• 

450 

600 

69 

134 

30 

300 

539 

1034 

ft 

17  . 

• 

460 

450 

96 

900 

100 

25 

656 

1375 

f ) 

24  . 

.  * 

• 

480 

1100 

119 

50 

100 

175 

699 

1325 

>> 

31  . 

1   1 

480 

2050 

53 

750 

150 

300 

683 

3100 

Aug. 

7  . 

1   1 

450 

1200 

37 

430 

150 

300 

637 

1543 

t9 

14  . 

• 

• 

480 

1400 

25 

10 

200 

350 

706 

1760 

f  f 

21  . 

1 
•   • 

• 

480 

1500 

29 

40 

200 

250 

709 

1790 

l» 

28  . 

• 

• 

480 

950 

9 

15 

180 

180 

669 

1146 

Sept. 

4  . 

!     1 

*        *   1     * 

520 

1000 

170 

20 

690 

1020 

)f 

11  . 

.  '  .  i  . 

520 

1950 

160 

100 

680 

2050 

f  f 

18  . 

.  ■  .  ' 

500 

800 

100 

60 

600 

860 

>» 

25  . 

• 

• 

500 

900 

80 

20 

580 

920 

Oct. 

2  . 

• 

400' 

800 

400 

800 

f  « 

9  . 

• 

400 

300 

» 

400 

300 

f  f 

16  . 

.   • 

400 

1030 

1 

400 

1030 

tt 

23  . 

• 

500 

720 

1 

500 

720 

»» 

30  . 

• 

500 

950 

■ 

500 

960 

*  From  1st  Jautiary* 


I"  For  Jaauary  and  February. 


Part  III. — Twenty-fifth  Annual  Report 


Week  ended 

B«lUn- 

tne. 

Campbel 
town. 

Inrer- 
aray. 

Green- 
ock. 

Rothe- 
tay. 

Total. 

Boala 

B«ta 

□niu 

B«ta 

Cruu 

Be. 

o™ 

BuU 

B«U 

ClHU 

1868. 

Nov.           e    , 

13    . 

20    . 

87    . 

Dec.            4    . 

u  . 

18  . 
26     . 
31     . 

1869. 
To  June    11     . 
June           18     . 

26  . 

July            2    . 
9    . 

16  . 
2:)    . 

30  . 

Aug.            B    . 

13  . 

20  . 

27  . 

Sept.           3    . 
10    . 

17  . 
24    . 

Oct.             1     . 
8     . 
15    . 
22    . 
29    . 

Nov.            5    . 
12    . 

19  . 
„             20    . 

Dec.            3    , 
10    . 
17     . 
24    , 

31  . 
1860. 

Jw.             7    . 

14  . 

21  . 

28  ■ 

■ 

600 

300 
300 

300 

250 

200 
100 
100 

100 

1 

220 
290 

300 
BOO 
480 
686 
600 

600 
600 
600 
600 

800 
600 
600 
460 

400 
400 
400 
380 
390 

300 
340 

310 
400 

400 
150 
500 
300 
250 

100 
90 
SO 
W 

1100 
600 
350 

400 

450 

300 
650 
100 
1000 

•3209 

196 
190 

450 
1643 
1800 
1405 

1207 

1125 

800 
510 
315 

400 
780 
800 
620 

180 
470 
624 
566 
84 

200 
100 
369 
3900 

2900 
100 
aooo 
•-aoo 

452 

300 
470 

10 

? 

^7 

126 
]27 
136 
123 

78 

50 
33 

12 

»52 

S35 

263 

420 
255 
195 
80 

60 
100 

100 
80 

80 
100 
100 

21 
60 
60 
50 

160 
140 

100 
40 

eo 

100 
20 

60 

60 
150 
140 
200 

500 

300 
300 
300 

250 

200 
100 
100 
100 

220 

387 

426 

687 
716 
809 
758 

730 
713 
728 
712 

000 
600 
600 
450 

400 
400 
400 
380 
390 

321 

400 
360 
450 

400 
150 
600 
300 
250 

100 
90 
60 
50 

1100 
600 
350 

400 

450 
300 
550 
100 
1000 

196 
525 

713 
2223 
2196 
1700 
1327 

1185 
925 
545 
375 

400 
780 
800 
620 

180 
470 
624 
566 
84 

260 
250 
509 
4100 

2900 
100 
2000 
3000 
452 

300 
470 

10 

.  of  the  Fishery  Board  for  Seotlqnd. 


I  1100 
I  1500 
I   1720 


1260 
IIKW 
2100 
2420 


)  4500 
)  1930 
)  1320 
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Tabu  XXII.,  ahowiog  the  Weekly  Catch  of  Herrings  in  the  Firth  of  Clyde 

Districts  from  1864-1906 — contivMed. 


Week  ended 


1860. 
Dec.  1 
8 
16 
22 
29 
1861. 
June  8 
16 
22 
29 


99 
99 


July 


9) 


Aug. 


99 
99 
99 
99 


Sept. 

99 
99 
99 

Oct. 

•  99 
99 
»9 

Nov. 

99 
99 
99 
99 

Dec. 


6 
13 
20 
27 

3 
10 
17 
24 
31 

7 

14 
21 
28 

6 
12 
19 
'26 

2 

9 

16 

23 

30 


7 

14 
21 
28 
31 
1862. 
June  7 

14 
21 
28 


99 
99 
99 
99 


99 
99 
99 


July 


99 
99 
9« 


6 
12 
19 
26 


BaUan- 
trae. 


Campbel- 
town. 


Inver- 
aray. 


Green- 
ock. 


Rothe- 
say. 


Total. 


tB  Grant  Boats 


Oram 


380 
208 
228 
190 
86 

172 
196 
260 
464 

496 
660 
600 
600 


Boats 


.  570 

666 
666 
.  666 
666 

616 
616 
615 
616 

660 
670 
470 
460 

360 
340 
340 
310 

200 

267 
320 
360 
200 
160 

30 

70 

190 

260 

260 
400 
600 
630 


Grans 


110 

1960 

2460 

2430 

660 

132 
97 
12 

161 

432 

690 

764 

1019 

808 

1335 

1980 

400 

800 

890 

890 

1216 

707 

431 
632 
672 
326 

376 

162 

29 

72 

117 

474 
960 
120 
170 
80 


2 
103 
102 

117 

149 

606 

1021 


Boats 


121 

116 
110 

93 
116 

106 
46 
14 

8 
8 


? 
86 
81 
91 

94 
111 
133 
136 


Grans 


♦60 
46 

26 

80 

80 

360 

60 
60 
16 
20 
6 


♦4 

13 
18 
35 

90 
140 
227 
157 


Boats 


12 

100 
130 


6 
16 
12 
30 

80 
160 
160 
160 

110 
90 

100 
90 

120 


60 

200 
180 
180 
180 

190 
160 
160 
140 
60 

60 


20 
30 
60 
60 


Grans 


60 
360 
600 


41 

40 

100 

360 

70 

30 

70 

110 

180 


100 

200 
170 
300 
260 

260 

200 

160 

30 

30 

60 


2 
13 

86 
80 


Boats 


392 
308 
368 
190 
86 

178 
210 
272 
606 

690 
820 
843 
866 

786 
701 
679 
663 
693 

616 
616 
616 
666 

760 
760 
660 
630 

640 
490 
490 
460 
260 

327 
320 
360 
200 
160 

30 
166 
271 
361 

374 
641 
683 
725 


Onuis 


170 
2300 
2960 
2430 

660 


498 

810 

944 

1719 

928 

1370 

2065 

530 

986 

890 

890 

1215 

807 

631 
702 
972 
575 

625 
362 
179 
102 
147 

524 
960 
120 
170 
80 


16 
121 
137 

209 

302 

917 

1258 


*  From  1st  January. 
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Table  XXII.,  showing  the  Weekly  Catch  of  Herrings  in  the  Firth  of  Olyde 

Districts  from  1864-1906 — amtinued. 


Week  ended 


1862. 
Aug.  2 

9 
16 
23 
30 


»> 
>> 
>» 
>» 


Sept. 


Oct. 


»» 
»» 
>» 


Nov. 


6 
13 
20 
27 

4 
11 
18 
25 

1 

8 

15 

22 

29 


Dec. 


6 
13 
20 
27 
31 
1863. 
June  6 

13 
20 
27 


»> 
»> 
>» 


9* 
»» 
1» 


July 


Aug. 


»» 
»» 


Oct. 

>> 

», 

u 
I  > 


4 
11 
18 
25 

1 

8 

15 

22 

29 

5 
12 
19 
26 

3 
10 
17 
24 
31 


Ballan- 
trae. 


Campbel- 
town. 


Inver- 
aray. 


Green- 
ock. 


Rothe- 
say. 


Total. 


Roftte  OnuM  Boats 


63 

76 
73 

74 

71 
58 
68 
68 

60 
48 
41 
30 
17 

1 
1 


115 
118i 
85| 
63 

S{ 

101 
100 

99 
50 
20 


50 

70 

110 

138 

150 

140 

89 


69 
20 
9 
40 
29 

5 
18 


Omn8 


Boats 


580 
600 
600 
585 
715 

705 
680 


Orans 


1070 
2020 
1570 
2660 
3435 

2760 
2275 


40 

30 

140 

526 
304 

427 
250 

167 

8 

7 

36 

7 

2 
3i 


670  ;2880 
675  3810 


687 
690 
687 
574 

682 
770 
773 
670 
610 

400 
600 
460 
360 
150 

86 
145 
181 
230 

320 
340 
376 
462 

470 
747 
660 
620 
690 

705 

700 
680 

6:w 

;560 
'487 
650 
,716 
(i05 


I 


3620 
3725 
2911 
1690 

3074 
3778 
4212 
2730 
2399 

432 

2700 

961 

600 

50 

6 
45 
39 
75 

82 
177 
513 
930 

751 
1725 
1443 
1430 
1364 

1120 
820 
740 
957 

504 
1250 
1346 
1678 
1419 


Boats 


139 

159 
155 
143 
130 

124 

108 

88 

81 

41 
22 


? 
55 
42 
37 

47 
39 
54 
60 

56 
36 
48 
35 
18 

10 
5 
1 
2 

6 


Orans 


282 
21 
726 
708 
410 

325 
470 
280 
600 

45 
10 


Boats 


62 
123 
106 
110 

75 

70 
40 
29 


1*49 
44 
10 
26 

52 
20 
124 
147 

113 
62 

47 
12 
11 

8 
3 


i 


3 
6 
2 


17 

12 
50 
60 
76 

75 
60 
60 
47 
36 

26 
30 
30 
15 

16 

15 

3 

200 

46 


Grans 


75 
460 
325 
605 
305 

200 
75 
50 


21 
46 
22 


20 


8 

10 

28 

164 

160 

180 

260 

60 

10 

10 

16 
56 
30 

7 

3 

4 

1 

180 

43 


Boats 


781 

882 
861 
838 
920 

899 
828 
787 
756 

728 
712 
687 
574 

682 
773 
778 
672 
610 

400 
500 
450 
364 
160 

148 
326 
366 

468 

688 
637 

m 

744 

730 
910 
808 

772 
789 

747 
764 
711 
648 

681 
602 
663 
916 
650 


Orans 


1427 
3201 
2620 
3873 
4150 

3286 
2820 
3210 
4410 

3666 
3736 
2911 
1690 

3074 
3799 
4268 
2762 
2399 

432 

2700 

961 

620 

60 


312 


1319 
1687 

1310 
2096 
1677 
1488 

1387 

1145 
88U 
770 
966 

607i 
1264 
1347 
1868 
1462 


*  From  It  Jannary. 
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BalUn- 

Campbel- 

Inver- 

Grean- 

Eothe- 

Tot-*' 

trae. 

town. 

ikray. 

oek. 

say. 

We. 

k  ended 

BoMI 

Onn 

B-» 

Onuu 

"" 

imni 

1863. 

Nov. 

7    . 

630 

968 

16 

25 

546 

993 

14    . 

p32 

719 

100 

147 

866 

21     . 

UO 

683 

100 

120 

560 

803 

.> 

S8    . 

111 

800 

110 

300 

521 

1100 

Dec. 

5    . 

126 

906 

. 

80 

132 

506 

1037 

12    . 

966 

394 

. 

76 

250 

440 

644 

19    . 

30 

60 

24(1 

1200 

270 

1250 

26    . 

190 

1100 

190 

1100 

31     . 

40 

160 

40 

160 

1664. 

June 

4     . 

57 

2 

62 

6 

! 

119 

8 

11     . 

70 

11 

27 

ai 

215 

31i 

13 

324 

63i 

18     . 

76 

26 

70 

100 

276 

134 

12 

1 

432 

260 

26    . 

74 

62 

156 

346 

355 

400 

25 

40 

660 

847 

July 

2     . 

79 

168 

143 

396 

460 

2774 

27 

70 

699 

901i 

»     . 

7& 

192 

121 

625 

545 

336 

4] 

80 

;j8 

47 

824 

1179 

16    . 

60 

i8i; 

122 

678 

560 

772 

43 

98 

280 

840 

1085 

2468i 
1438{ 

23    . 

76 

78 

207 

675 

572 

65 

209 

140 

269 

924 

30    . 

411 

62 

94 

i:« 

456 

735 

46 

96 

1*1 

244 

784 

1264 

Aug. 

6     . 

43 

43 

70 

103 

473 

618 

60 

77 

270 

300 

90C 

1141 

13    . 

31 

11 

61 

68 

455 

418 

43 

64 

240 

100 

830 

651 

20    . 

16 

7 

48 

87 

493 

279 

62 

66 

109 

3» 

717 

478 

27    . 

10 

b 

64 

100 

456 

1362 

37 

54 

112 

121 

679 

1632 

Sept 

;i    . 

4 

■Hi 

14 

460 

540 

J7 

90 

34 

696 

592 

10    . 

4t 

3 

1  433 

28   545 

239 

60 

22 

600 

268i 
12191 

17     . 

2 

18 

1120 

6 

5 

49 

64 

615 

24    . 

18 

36 

640 

570 

26 

20 

100 

160 

684 

786* 

Oct. 

1 

8 

5i 

530 

765 

9 

13 

100 

flOO 

647 

1373J 

8      . 

a 

'i 

470 

725 

10 

20 

124 

700 

608 

1447 

15    . 

4 

406 

2 

1 

264 

3033 

672 

3376 

22    . 

300 

279 

3 

36 

95 

r^ 

349 

2»    . 

2 

430 

926 

ISO 

500 

612 

1428 

Nov. 

5    . 

Il- 

240 

561 

13 

m 

360 

5200 

607 

6817 

12    . 

ia 

121 

628 

21 

109 

360 

2500 

609 

3163 

19    . 

11 

60 

226 

26 

69 

320 

awo 

412 

2906 

26    . 

7 

50 

112 

20 

96 

310 

2280 

382 

2494 

Dec. 

3    . 

28 

18 

330 

2330 

368 

2348 

10    . 

18 

7 

6 

400 

4364 

426 

4371 

17    . 

« 

9 

6 

12 

i 

360 

6500 

384 

6612 

24     . 

10 

3 

200 

1823 

210 

1826 

31     . 

200 

2614 

200 

2614 

1866. 

June 

3    . 

24 

64 

6 

88 

6 

10    . 

&3 

6 

34 

BO 

115 

16 

13 

4 

216 

76 

17     . 

46 

9 

134 

100 

163 

52 

13 

.li 

365 

1621 
165} 

24    . 

4A 

32 

116 

J» 

239 

42 

29 

480 
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BalUn- 

Campbel- 

Inver- 

Green- 

Bothe- 

Ta*-' 

Wo 

k  ended 

trae. 

town. 

K*y. 

ock. 

™y- 

BcttU 

Cnni 

^ 

G»n. 

Boat! 

Cnni 

Bwlii 

c™ 

Boati 

Cnn 

Ooau 

c™ 

1865. 

July 

]   . 

59 

39 

80 

140 

258 

34 

29 

7 

14 

10 

440 

230 

8  . 

«7 

B7 

144 

420 

336 

142 

26 

22 

SO 

140 

652 

791 

16  . 

60 

JOO 

118 

296 

605 

594 

29 

83 

170 

220 

972 

1299 

22  . 

44 

07 

48 

121 

580 

1007 

65 

31 

90 

200 

827 

1426 

29  . 

40 

43 

75 

330 

500 

578 

66 

113 

90 

130 

821 

1194 

Aug. 

6  . 

(13 

190 

no 

340 

670 

1003 

74 

367 

209 

650 

1016 

2560 

12  . 

49 

120 

72 

284 

595 

2683 

U 

360 

239 

800 

1009 

4247 

19  . 

49 

220 

S9 

2-20 

610 

2020 

68 

300 

240 

760 

946 

3610 

26  . 

30 

62 

48 

139 

580 

2520 

65 

120 

240 

1800 

963 

4441 

Setit. 

2  . 

4 

4 

22 

29 

liOO 

4180 

24. 

63 

21U 

742 

860 

5008 

9  . 

2 

14 

1 

6 

B46 

2356 

S 

27 

120 

218 

776 

2620 

16  . 

2 

2 

3 

550 

3120 

4 

8 

75 

220 

633 

3361 

23  . 

2 

10 

2 

4 

460 

980 

12 

82 

500 

1720 

976 

2790 

30  . 

1 

1 

380 

1426 

9 

115 

500 

600 

890 

2141 

Oct. 

7  . 

1 

1 

H 

335 

410 

4 

22 

660 

1660 

890 

20e3i 

14  . 

237 

369 

3 

36 

500 

3000 

740 

3405 

21  . 

220 

486 

3 

21 

too 

2000 

023 

2507 

„ 

28  . 

877 

« 

34 

120 

300 

462 

1211 

Nor. 

i    . 

4 

33 

195 

225 

;i6 

920 

20 

16 

254 

1193 

11  . 

16 

131 

290 

396 

62 

890 

220 

400 

588 

1816 

18  . 

18 

199 

BIO 

246 

65 

352 

400 

2400 

691 

3197 

25  . 

29 

959 

46 

18 

5 

1 

450 

2084 

529 

3062 

Dgc. 

2  . 

30 

393 

32 

169 

600 

2087 

568 

2639 

9  . 

32 

390 

10 

85  49 

180 

500 

3800 

591 

4436 

le    . 

38 

688 

8 

250  33 

130 

500 

2700 

579 

3968 

23  . 

40 

337 

.  27 

266 

500 

3600 

667 

4202 

30  . 

C 

SO 

.  30 

300 

400 

0400 

435 

6780 

1866. 

Jan. 

6  . 

31 

406 

320 

2000 

361 

2405 

13  . 

3 

i 

.   27 

32 

180 

2500 

190 

2633 

20  . 

3 

. 

200 

2000 

203 

2000 

27  . 

3 

60 

660 

63 

660 

", 

29-31  . 

■ 

■ 

1 

40 

300 

41 

300 

June 

2  . 

24 

4 

8 

2 

32 

S 

9  . 

42 

27 

25 

<(2 

130 

37 

21 

218 

132 

Ifl  . 

63 

26 

ft) 

108 

160 

73 

26 

13   . 

329 

219 

23  . 

62 

43 

108 

108 

176 

101 

25 

7 

361 

268 

30  . 

66 

13 

136 

122 

240 

240 

26 

10 

456 

386 

July 

7  . 

60 

48 

160 

230 

365 

462 

44 

40 

40 

29 

669 

809 

14  . 

63 

108 

80 

146 

346 

234 

m 

90 

90 

74 

647 

603 

21  . 

66 

lai 

72 

104 

35fi 

360 

74 

130 

00 

83 

618 

920 

28  . 

50 

232 

83 

131 

520 

617 

91 

J20 

70 

120 

814 

1420 

Aug. 

4  . 

Bi 

239 

84 

200 

450 

602 

83 

181 

110 

452 

778 

1674 

U  . 

33 

84 

57 

189 

500 

1270 

53 

70 

200 

790 

843 

2403 

18  . 

39 

23 

83 

275 

400 

228 

«1 

168 

90 

566 

733 

3260 

26  . 

13 

27 

67 

175 

r 

2106 

49 

41 

80 

341 

744 

2749 
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Ballan- 

Camplid- 

Inver- 

Green- 

Rothe- 

trae. 

town. 

ivniy. 

ock. 

aay. 

We 

k  ended 

Ik»» 

Cruia 

Z. 

c^ 

'Zu 

Ct»u 

B<»U 

□nn. 

BMtl 

Otmii 

1866. 

Sept. 

1     . 

6 

11 

43 

73 

326 

15^ 

37 

46 

89 

306 

699 

2021 

8    . 

3 

22 

36 

576 

J440 

» 

2« 

70 

372 

680 

2878 

16    . 

3 

4 

1 

474 

90S 

2 

4 

40 

100 

523 

1015 

22     . 

660 

1384 

6 

40 

593 

1390 

.. 

29     . 

450 

670 

2 

1 

50 

167 

602 

678 

Oct. 

6    . 

600 

S260 

2 

13 

70 

120 

672 

3393 

i;j    . 

2 

ai 

410 

3696 

11 

106 

300 

1962 

713 

6786 

20    . 

490 

1588 

4 

13 

4 

96 

498 

1697 

.. 

27    . 

'. 

475 

1203 

1 

230 

920 

706 

2123 

Nov. 

3    . 

3 

38 

375 

1108 

44 

487 

400 

3600 

822 

5133 

10     . 

12 

185 

200 

239 

28 

76 

450 

3800 

690 

4299 

17    . 

1« 

66 

176 

216 

305 

500 

4999 

730 

5684 

>. 

21    . 

90 

934 

162 

486 

28 

60 

360 

1800 

630 

3280 

Dec. 

1     . 

18 

70 

166 

510 

8 

100 

1600 

581 

2180 

8    . 

12 

6 

140 

445 

33 

4:1  1450 

500 

994 

16    . 

10 

1 

105 

120 

32 

24  '450 

900 

597 

1045 

22    . 

6 

113 

130 

11 

230 

800 

360 

930 

29    . 

103 

80 

5 

230 

3600 

338 

3680 

867. 

Jan. 

6    . 

_ 

90 

217 

23 

149 

^20 

2300 

333 

2666 

12    . 

14 

4 

70 

200 

26 

83 

200 

2000 

309 

2287 

19    . 

15 

10 

31 

70 

130 

2860 

176 

2940 

.. 

26    . 

20 

62 

5 

13 

7 

100 

3800 

138 

3869 

Feb. 

2    . 

13 

4 

flO 

1800 

73 

1804 

June 

1    . 

5 

\ 

5 

i 

8     . 

39 

30 

36 

60 

62 

65 

22 

3 

149 

148 

Ifi     , 

44 

47 

63 

106 

89 

124 

14 

7 

210 

283 

22     . 

66 

23 

157 

2S4 

216 

260 

19 

6 

447 

573 

29     . 

53 

26 

70 

127 

:J60 

332 

30 

Hi 

503 

496i 

July 

6    . 

63 

87 

102 

244 

355 

296 

28 

18 

638 

644 

13    . 

67 

92 

111 

252 

325 

952 

60 

98 

653 

1394 

20     . 

65 

84 

60 

144 

ilO 

788 

46 

46 

671 

1062 

•27     . 

69 

41 

61 

97 

483 

1238 

23 

14 

1380 

A«ti. 

3    . 

60 

no 

87 

266 

3flO 

309U 

30 

61 

65 

70 

692 

3693 

10    . 

38 

70 

62 

127 

385 

4193 

70 

170 

60 

67 

616 

4627 

17     . 

37 

80 

66 

108 

336 

1316 

35 

84 

60 

lft3 

633 

1671 

24    . 

40 

45 

47 

119 

410 

2041 

30 

62 

55 

85 

582 

2342 

31     . 

34 

45 

40 

9» 

430 

2810 

a") 

36 

62 

75 

589 

3065 

Sept. 

7     . 

2 

26 

25 

607 

2089 

42 

44 

40 

43 

617 

2201 

14     . 

1 

1 

527 

981 

14 

27 

26 

37 

568 

1046 

21     . 

500 

1467 

27 

13 

32 

50 

669 

1530 

\\ 

28    , 

*60 

1764 

16 

14 

46 

90 

612 

1868 

Oct. 

5      . 

140 

611 

44 

40 

384 

651 

12     . 

330 

989 

9 

7 

25 

14 

364 

1010 

19    . 

310 

451 

3 

9 

46 

120 

359 

580 

26    . 

395 

1050 

8 

16 

260 

340 

663 

1M6 
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tamls  xxn. 

showing 

the  Weekly  Cfttch  of  Hemnin 

in  tha  Firth  of  Clyde 

BbIUh 

Campbet- 

Inver- 

Green- 

Rothe- 

T"t"' 

tn«e. 

tOWTl. 

i»ray. 

ock. 

say. 

Weeke 

nded 

B^^ 

o-« 

c™ 

Bo«. 

c^ 

BMt> 

Oniu 

B«- 

Oiuu 

1867. 

Nov. 

8    . 

127 

755      6 

36 

460 

4500 

583 

5291 

9    . 

125 

391       7 

51 

200 

1340 

332 

1782 

16    . 

3 

65 

130 

435 

5 

47 

160 

400 

947 

23    . 

B 

10 

174 

1595 

4 

20 

28 

607 

211 

2232 

30    . 

i 

21 

ISO 

1470 

35 

730 

217 

2221 

Dec. 

7     . 

170 

705 

6 

70 

56< 

246 

1265 

U    . 

140 

856 

3 

io 

260 

610 

393 

1475 

21     . 

2 

30 

124 

190 

6 

36 

260 

3100 

381 

3356 

28     . 

145 

630 

9 

20 

130 

3060 

284 

3610 

„ 

31    . 

126 

160 

125 

160 

1868. 

Jan. 

4    . 

14 

66 

136 

625 

8 

60 

167 

661 

11    . 

2 

14 

145 

695 

150 

1071 

207 

1780 

18    . 

130 

GSO 

100 

454 

230 

1084 

„ 

25    . 

126 

1130 

60 

1290 

806 

2420 

Feb. 

1     . 

8    . 

46 

60 

80 

60 

126 

110 

June 

H    . 

27 

«i 

166 

530 

193 

590 

13     . 

3f. 

49 

175 

765 

233 

814 

20     . 

80 

144 

185 

1045 

266 

1189 

27    . 

B5 

100 

2S0 

700 

] 

*20 

276 

800 

July 

4    . 

til 

191 

220 

1286 

24 

30 

305 

1506 

n    . 

? 

30«it 

fll 

188 

280 

1775 

18 

32 

369 

1906 

18    . 

40 

124 

50 

145 

301 

2035 

54 

120 

451 

2424 

25    . 

54 

141 

m 

110 

3ie 

1800 

24 

131 

30 

64 

492 

■2236 

Aug. 

J 

48 

144 

50 

6& 

370 

2510 

46 

263 

33 

66 

647 

3048 

8    . 

B7 

1B4 

'26 

64 

380 

1955 

47 

192 

37 

182 

547 

2667 

15     . 

40 

70 

34 

70 

410 

asso 

40 

80 

30 

53 

654 

2963 

22    . 

45 

S18 

47 

155 

415 

1920 

34 

110 

:to 

57 

571 

2460 

29    . 

A2 

68 

368 

830 

6 

19 

10 

13 

436 

030 

So|jt. 

5    . 

3 

3 

59 

302 

420 

2179 

22 

228 

43 

320 

547 

3032 

12    . 

1-2 

67 

21 

21 

134 

2286 

20 

110 

30 

130 

617 

2609 

19    . 

18 

137 

450 

3058 

14 

60 

30 

m 

612 

3316 

26    . 

10 

18 

185 

1981 

16 

25 

26 

50 

637 

2074 

Oct. 

3    . 

7 

25 

S53 

1084 

13 

80 

40 

180 

413 

1369 

10    . 

» 

33 

398 

2019 

36 

194 

65 

200 

508 

2446 

17     . 

3 

15 

426 

1363 

36 

383 

120 

400 

585 

2161 

24    . 

6 

25 

440 

1445 

46 

1022 

110 

150 

601 

2642 

,11     . 

206 

210 

W* 

1600 

60 

363 

1710 

Nov. 

7    . 

2 

11 

75 

45 

180 

249( 

257 

2552 

1-1    . 

A 

30 

30 

30 

320  6800 

:)53 

5860 

21    . 

6 

160 

32 

45 

MO  16000 

8 

160 

385 

6365 

28    . 

2 

11 

32 

60 

320   5500 

4 

68 

358 

5639 

t  From  1 1  til  Jwraaiy. 
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1360 
1904 
1300 


2710 
3870 
4873 
2269 
1320 


2799 
4163 
4573 


4744 
3018 
1937 


3726 
1330 
1824 
3144 


*  From  lit  Jaanary. 
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Tabu  XXII., 

aboiring  the  Weekly  Cktch  of 

Herrinn 

in  the  Firth  of  Clyds 

Bolkn- 

Carapbel- 

Inver- 

Green- 

Bothe- 

town. 

aray. 

ook. 

8fty. 

Wm 

k  ended 

Om* 

Dl 

mm 

' 

1870. 

Winter  &  Spring. 

1 

1636 

M»y 

38    . 

48 

113 

48 

113 

June 

4    . 

53 

62 

166 

600 

218 

B62 

U    . 

66 

162 

24 

200 

206 

695 

39 

62 

334 

1109 

18     . 

fl7 

623 

44 

304 

210 

305 

47 

64 

368 

1186 

„ 

25     . 

69 

690 

67 

246 

255 

1185 

69 

S24 

440 

2344 

July 

2    . 

77 

516 

102 

964 

265 

896 

57 

212 

491 

2586 

9    . 

80 

485 

91 

689 

B18 

860 

64 

217 

40 

480 

583 

2731 

16     . 

78 

407 

115 

636 

340 

1190 

41 

S29 

W 

400 

624 

2821 

•M     . 

74 

22!) 

164 

900 

331 

1606 

71 

404 

360 

710 

3388 

30     . 

37 

64 

% 

588 

t26 

2417 

70 

296 

65 

140 

693 

3606 

Aug. 

6     . 

47 

JW 

m 

B41 

386 

1309 

02 

162 

64 

130 

667 

2326 

13    . 

30 

50 

13,2 

859 

■iSi 

800 

61 

168 

60 

300 

767 

2167 

20     . 

XI 

38 

204 

060 

358 

1283 

m 

250 

i;so 

360 

7G6 

2591 

27     . 

168 

642 

304 

1778 

49 

84 

130 

300 

741 

2804 

Sept 

3     . 

163 

78 

518 

1041 

41 

ec 

120 

160 

842 

1345 

10     . 

127 

152 

386 

644 

8 

4 

132 

210 

662 

910 

17    . 

16 

16 

81 

174 

297 

102 

53 

113 

118 

123 

564 

628 

., 

24    . 

95 

165 

360 

869 

60 

60 

140 

240 

636 

1334 

Oct. 

1     . 

76 

65 

336 

633 

tiO 

75 

200 

400 

670 

1073 

8    . 

4 

■i 

146 

500 

376 

994 

40 

40 

160 

2«0 

725 

1798 

15    . 

22 

20 

389 

939 

40 

20 

100 

130 

551 

1109 

22    . 

367 

1045 

40 

20 

.■«) 

100 

437 

1166 

,. 

2U    . 

9 

13 

4 

4 

303 

726 

24 

22 

200 

560 

640 

1324 

Nov. 

6    . 

13 

24 

2 

13 

391 

1620 

.32 

64 

260 

860 

698 

2571 

12    . 

10 

11 

16 

76 

312 

740 

16 

240 

731 

694 

1626 

13     . 

13 

35 

Xil 

766 

116 

300 

459 

1100 

2fi    . 

300 

560 

12 

m 

100 

260 

412 

918 

Dec. 

3    . 

216 

325 

60 

598 

450 

4600 

725 

5423 

10    . 

5 

loi 

80 

80 

20 

160 

200 

460 

306 

781 

17     . 

39 

25 

20 

mo 

300 

2400 

359 

24    . 

23 

170 

30 

100 

230 

600 

283 

870 

.. 

31     . 

31 

196 

180 

1050 

211 

1246 

1H71.  _ 

J»n. 

16 

140 

200 

900 

216 

1040 

14    '. 

54 

985 

180 

lOOO 

234 

1986 

21    . 

60 

600 

1611 

^KX) 

200 

2600 

28    . 

22 

S& 

40 

215 

? 

•40 

130 

360 

192 

610 

Winter  &8pring. 

* 

162 

. 

May 

20     . 
27    . 

Si 
66 

64 

76 

61 
66 

64 

76 
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BaUnn- 

Campbel- 

Inver- 

Green. 

Rothe- 

Tot*' 

trae. 

town. 

a«y. 

ock. 

Boy. 

Week 

ended 

Botta 

""' 

' 

1871. 

June 

3  . 

77 

85 

127 

230 

204 

315 

10  . 

84 

140 

46 

181 

165 

635 

T 

*35 

294 

966 

17  . 

80 

145 

73 

200 

231 

530 

43 

7.1 

427 

947 

24  . 

90 

111 

102 

601 

348 

865 

51 

115 

56 

300 

647 

1892 

July 

I  . 

89 

169 

104  262 

402 

1165 

57 

192 

80 

500 

732 

2278 

8  . 

89 

85 

M 

267 

410 

1325 

55 

144 

86 

360 

734 

2181 

15  . 

09 

64 

94 

276 

374 

660 

46 

32 

80 

50 

663 

972 

5S 

31 

262 

362 

388 

400 

53 

37 

m 

15 

814 

836 

2»  . 

24 

14 

326 

363 

466 

277 

30 

20 

50 

30 

896 

704 

Aug. 

5  . 

12 

7 

316 

481 

350 

249 

34 

23 

no 

120 

822 

880 

12  . 

£ 

234 

371 

278 

647 

32 

25 

250 

600 

799 

1643 

10  . 

6 

5 

230 

348 

292 

410 

33 

31  !200 

300 

761 

1094 

148 

120 

224 

274 

6 

6 

260 

295 

637 

696 

Sept. 

2  . 

188 

141 

268 

820 

16 

6S 

112 

100 

684 

uioj; 

9  . 

6 

5 

142 

131 

296 

203 

2 

150 

110 

594 

449 

16  . 

132 

333 

211 

213 

12 

16 

140 

190 

495 

762 

23  . 

136 

344 

227 

200 

10 

4  130 

100 

803 

648 

„ 

30  . 

78 

102 

84 

101 

.  jI30 

125 

292 

328 

Oct. 

^ 

44 

20 

150 

333 

12 

6 

60 

20 

256 

379 

14  ; 

M 

194 

160 

1035 

10 

10 

30 

12 

296 

1251 

21  . 

2 

9 

35 

292 

624 

4 

6 

333 

715 

B 

20 

160 

90 

6 

6 

172 

116 

Nov. 

4  . 

4 

2 

41 

124 

6 

8 

63 

134 

11  . 

; 

70 

160 

50 

58 

S 

96 

128 

314 

18  . 

109 

60 

50 

220 

30 

189 

280 

26  . 

41 

80 

30 

102 

260 

1260 

331 

1382 

Deo. 

2 

. 

20 

45 

80 

300 

650 

3400 

650 

3745 

9  '. 

18 

40 

70 

700 

250 

1500 

338 

2240 

Ifl  . 

i 

10 

4 

. 

370 

1000 

375 

1010 

23  . 

6 

200 

500 

206 

600 

30  . 

« 

250 

1500 

256 

1600 

1872. 

Jul. 

6  . 
13  . 
20  . 
27  . 

2 

8 

250 

200 
100 

30 
150 

250 

200 

102 

8 

30 
150 

Winter 

V,  Spring. 

? 

1726 

. 

Juno 

1  . 

19 

6 

101 

70 

120 

76 

8  . 

B3 

18 

39 

37 

127 

163 

219 

216 

15  . 

65 

11 

70 

47 

137 

ISS 

272 

246 

22  . 

62 

8 

79 

66 

149 

139 

280 

213 

29  . 

58 

21 

98 

136 

147 

165 

303 

312 

July 

6  . 

64 

44 

180 

600 

163 

196 

1 

•15 

407 

739 

13  . 

64 

50 

168 

320 

201 

320 

26 

25 

608 

716 

20  . 

50 

20 

242 

940  {239 

300 

35 

13 

566 

127 

— \i 

27  . 

39 

25 

368 

2466:289 

736 

30 

24 

95 

60 

821 

334 

of  the  Fishery  Board  for  Scotland. 


Bftllan- 

Campbel 

Inver- 

Green- 

Rothe- 

T"t»i 

trae. 

aray. 

ock. 

say, 

We. 

k  ended 

a»n. 

^ 

o™ 

Boils 

Cnni 

Zu 

Oru. 

B«U 

.^ 

[t»M 

c™. 

1872. 

Aug. 

3  . 

33 

268 

669 

332 

617 

46 

50 

80 

90 

764 

1459 

10  . 

30 

27 

350 

1719 

352 

343 

16 

16 

120 

130 

867 

2234 

1"  . 

39 

S7 

380 

401 

307 

310 

21 

170 

120 

917 

946 

24  . 

36 

137 

399 

646 

329 

507 

19 

24 

ISO 

280 

902 

1593 

31  . 

15 

11 

319 

947 

270 

206 

13 

24 

135 

120 

752 

1307 

Sept 

7  . 

234 

873 

263 

336 

8 

26 

200 

370 

705 

1604 

14  . 

180 

560 

169 

4 

20 

100 

70 

453 

688 

21  . 

224 

S012 

180 

315 

& 

80 

60 

492 

2394 

28  . 

226 

780 

250 

673 

13 

29 

150 

220 

639 

1602 

(tot. 

5  . 

190 

230 

260 

366 

60 

90 

300 

551 

686 

12  . 

10 

180 

2051 

«8 

95 

110 

95 

85 

364 

2351 

19  . 

fi 

10 

63 

30 

45 

60 

165 

144 

250 

26  . 

4 

4 

14 

4 

600 

260 

523 

294 

Nov. 

2  , 

7 

6 

3 

350 

340 

361 

348 

9  . 

5 

10 

345 

050 

360 

660 

10  , 

87 

430 

340 

15O0 

431 

1933 

23  . 

240 

950 

300 

14O0 

544 

2356 

3n  . 

176 

850 

290 

740 

466 

1590 

Dec. 

7 

£66 

700 

300 

1200 

656 

1900 

14  . 

36 

120 

300 

600 

336 

720 

21  . 

180 

185 

180 

186 

28  , 

- 

120 

26( 

120 

260 

873. 

'  1 

J  Mi. 

4  . 

66 

120 

65 

120 

Jl  . 

161) 

60 

150 

50 

1ft  . 

50 

50 

25  , 

6 

5 

31  . 

Winte 

r&Sllrillg. 

? 

2095 

M«y 

31  . 

56 

42 

26 

43 

June 

7  . 

46 

39 

? 

82 

116 

250 

161 

371 

14  . 

fi7 

95 

47 

187 

122 

126 

17 

13 

243 

420 

62 

109 

87 

236 

137 

360 

20 

286 

718 

28  '. 

(K, 

129 

(J5 

200 

174 

310 

30 

56 

flO 

60 

426 

760 

July 

5  . 

73 

244 

138 

300 

194 

520 

39 

91 

100 

220 

544 

1376 

12  . 

74 

202 

99 

504 

266 

370 

66 

148 

100 

60 

595 

1284 

I!l  . 

66 

174 

681 

186 

214 

276 

63 

166 

64 

60 

665 

1861 

211  . 

65 

322 

■422 

181 

213 

263 

57 

236 

70 

70 

1147 

3072 

Aug. 

2     . 

B8 

243 

»022 

116 

136 

379 

50 

160 

126 

294 

872 

3181 

n  . 

42 

130 

*181 

001 

Ifl 

13 

43 

150 

49 

48 

768 

1342 

iti  . 

36 

32 

413 

897 

36 

12 

14 

9 

76 

40 

574 

990 

23  , 

22 

34 

1681 

552 

56 

16 

20 

32 

96 

160 

662 

1794 

;«  , 

520 

66fi 

104 

93 

2 

5 

100 

120 

726 

874 

fart  III. — IWiUyvl^  Annwd  Sep&rl 


Table  XXn. 

■howing  the  Weekly  Catch  i>f 

Herrings 

in  the  Firth  of  Clyde 

BnUan- 

Campbel- 

Inver- 

Green- 

Rothe- 

Week 

nded 

trae. 

town. 

aray. 

ock. 

say. 

B«Ui 

c™ 

Boat* 

Onuia 

Bmu 

c™ 

1873. 

Sept. 

6     . 

U4 

W4 

fl4 

5« 

1« 

53 

IIHI 

m 

650 

1183 

13     . 

211 

161 

IB7 

SI 

5(1 

i;t8 

WW 

323 

769 

20     . 

17 

156 

i31 

20 

KHI 

2 

in 

84 

82 

268 

740 

27     . 

m 

960 

20 

;w 

11 

45 

100 

370 

430 

2432 

Oct. 

4     . 

153 

632 

I4rt 

DiO 

14 

1W 

i«n 

160 

1175 

a   . 

•M 

23 

49 

Wl 

94 

^2 

^m 

MK) 

180 

170 

595 

18     . 

UK 

m 

:«i 

170 

18 

63 

;u 

m 

205 

909 

25    . 

40 

15 

«6 

lOd 

16 

Nov. 

1     . 

16 

86 

8     . 

1!* 

i«^ 

20 

10 

97 

16    . 

.H5 

27 

153 

10 

5 

72 

158 

.'W 

20 

64 

9 

29     . 

20 

20 

Dec. 

6    . 
13    . 
20    . 
27    . 

15 

IB 

1874. 

Jan. 

3    . 
10    . 
17     . 
24    . 
31    . 

■ 

: 

WintBTA 

Spring. 

1890 

M»y 

23    . 
30    . 

57 

99 
66 

; 

I 
67 

99 
66 

JuDtt 

fl    . 

(W 

11? 

106 

92 

13    . 

«7 

135 

fiO 

VM 

99 

76 

13 

17 

229 

2<)    . 

M 

m\ 

1117 

ivr> 

116 

:-w5 

.'W 

I'fl- 

325 

27     . 

m 

UH) 

VM 

hw. 

UK 

215 

37 

22H 

387 

1433 

July 

4    . 

m 

108 

154 

481 

186 

260 

29 

41 

437 

890 

11     . 

(W 

;wi9 

ifHH 

Ihrt- 

Hffi 

4m 

18    . 

(19 

H17 

iI74 

l6iM 

'Atl 

275 

46 

!U 

80 

m 

25    . 

57 

202 

357 

»79 

200 

137 

42 

76 

«J 

% 

74« 

1390 

Aug. 

1     . 

41 

227 

102 

ft53 

200 

228 

40 

77 

126 

297 

709 

1482 

8    . 

41 

27H 

W1 

176 

238 

211 

:w 

132 

123 

49: 

869 

1794 

16    . 

tft 

367 

m 

S73 

1U1 

98 

;« 

160 

72 

ttOl 

22    . 

16 

KW 

:ifio 

'.'An 

'«W 

;i07 

20 

174 

164 

Xti 

29    . 

37 

381 

IM 

;j6i 

209 

;ioi 

26 

230 

182 

30« 

617 

1682 

Sept. 

5    . 

S 

I 

181) 

B19 

97 

20fi 

10 

M 

fiS 

12h 

354 

1298 

12     , 

1«HI 

t>m 

IKH 

368 

M 

167 

72 

-AH 

554 

1261 

1»     . 

mi 

142: 

i:m 

369 

;w 

10] 

114 

WK 

661 

2186 

26    . 

151 

2U8 

134 

359 

31 

126 

146 

344 

461 

1036 

of  the  FiskeTy  Board  for  Scotland. 


Table  XXII. 

ahowing  the  Weekly  Catch  of  HerringB  in  the  Firth  of  Oyde 

Week  ended 

Ballnn- 
trae. 

Campbel- 

Inver- 
aray. 

Green- 
ock. 

Rothe- 
My. 

Total. 

Bo.Jcn.ni 

^J„„., 

B«U 

Crn. 

BokU 

Cnni 

Bwts 

Dnm. 

BwU 

Cniu 

1874. 
Oct.              3     . 
10    . 

17  . 
24    . 
31     . 

Nov.             7     . 
14     . 
21     _ 

28  . 

Dec.             5     . 
12     . 
19     . 
26     . 
1875. 
Jan.            2    . 
9    . 

18  . 

23  . 

30  . 

Winter*  Spring. 

Hav          22    . 

29  . 

June            5     . 
12     . 

19  , 

2H     . 

July            3    . 
10    . 

17  . 

24  . 

31  . 

'T    >l  : 

21     . 
28    . 

T    A  : 

18  . 
26     . 

Oct.              2     . 
9     . 
16    . 
23     . 

30  . 

1 

37 

47 

53 
46 

27 
38 

30 
42 
43 
43 
51 

58 
34 
30 
20 

12 

6 

■ 

9197 

28 
22 

6 

2 
2 
3 

19 
»9 
20 
63 

fly 

116 
33 
d2 
20 

20 
10 

230 
90 
120 
J50 

4S 

44 
88 

r 

66 
110 

m 

140 
1«6 
115 
82 
62 

178 
150 
74 

6* 

M 
82 
29 
14 

14 

45 
11 

500 

ro 

Ml 

350 
267 

68 
39 

90 
308 

204 

257 
315 
118 
923 

806 
188 
132 
IBO 

llfi 

172 
70 
7 

124 
85 
37 
28 
16 

10 

4 

2 

4 

70 

77 
lOfl 
108 

131 
198 
225 
230 

219 

210 
200 
220 
236 

208 
188 
120 
62 

114 
110 
126 
130 
168 

218 
30 
56 
17 

170 

2 

15 

4 
6 

95 

SO 
226 

260 

340 
1005 
H(36 
1020 
1675 

1860 
630 
915 
674 

203 
128 
16 
32 

47 
117 
525 

36 
526 

f 

33 

17 
19 

24 
27 
30 
*2 

22 
25 

30 
28 
30 
105 

144 
103 
100 

71 

36 
46 

100 
20 
30 
12 
tiO 

40 
06 

no 

133 
116 

95 
64 
80 
35 

70 
40 
6 

4 

76 
30 
35 

116 

8 
80 
10 
140 

100 

60 
143 
123 
207 

392 
172 
290 
63 

SI 
40 
3 

82 

20 
36 

454 

196 
187 
290 
124 

84 
98 
4 

2 

4 

37 
47 

123 
178 
243 
3>H 

291 
489 

620 
606 

467 

565 
465 
434 

406 
341 
156 

80 

114 
124 

180 
201 

379 
49 

615 

97 

1151 

460 
269 
15 

'* 
6 

28 
23 

169 
121 
317 
561 

663 
1411 
2021 
1344 
2377 

3108 
112B 
1489 
978 

426 
396 
88 
39 

47 
119 
607 

bo 
560 
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Table  XXU 

■ho 

wing  the  Weekly  C&teh  of  Hemnga  in  th«  Fiitii  «f  ayd« 
Diatriota  from  1864-1906— conliniMd. 

Week  ended 

BAll«n- 
trae. 

Campbel 
town. 

Ihtst- 
«wy. 

Green- 
ock. 

Rothe- 
My. 

Totol. 

BmU 

Una 

BoM* 

OlMI 

Bmk 

Oiui 

fi«U 

□nu 

B«U 

Dnn 

BoiW 

Oruu 

1876. 

Not.           6    . 

13    . 

20    . 

27    . 

Dec.             4     . 

11  . 
18    . 

25  . 
31     . 

187fi. 
Jan.            1     . 

8  . 

16  . 

22  . 
29    . 

Winter  «&  Spring. 

May          13    . 

20  . 

27  . 

Juue           3    . 

10  . 

17  . 

24  . 

July            1    . 

\\            Ifi    '. 

!!       sfl  '. 

Aug.           6    . 

12  . 
IB     . 

26  . 

Sept.            2     . 

9  . 
IB     . 

23  . 

:h)   , 

Oct.            7    . 
U    . 

21  . 

28  . 

Nov.           4    . 

11  , 

18  . 

25  . 

se 

69 
66 

«7 
71 
71 

72 

73 
73 
73 

m 

fi7 

&4 
32 
30 
18 

24 
10 

5 

a 

4 

8071 

43 
75 
48 

62 
110 
256 
136 

166 
178 

166 
U6 

lor. 

S9 
102 
47 

JJ 

25 
17 

10 
7 
2 

33 
108 
104 

186 
141 

140 
130 
146 

186 
18fl 
143 
114 

196 

210 
190 
148 
233 

9 

41 
249 

: 

239 
416 
305 
729 

1363 
946 

677 
462 

422 
694 
16ti 
223 

dO 

20 

188 
93 
96 
80 

65 
lOB 

10 

6 

4 

74 
79 
88 
103 

118 
176 
170 

180 
200 

IBS 
162 
183 

2tX) 

200 
200 
200 

208 
348 

Z46 
250 
210 
120 

»0 
66 
82 
00 

910 
110 
166 
30 

115 
90 
90 

5 
30 

48 
3<t3 
262 
162 

400 
445 
1270 

910 
2095 

1222 

1450 
609 

350 

546 
622 
378 
429 

557 

436 

52(1 
989 
B300 

900 

1768 

158 

70 

j 
33 

46 
42 
;i8 

40 
41 

34 

36 
40 

Sid 

■22 
1ft 
3 

16 

2 

•79 
«2 

91 
67 
108 

129 
62 

95 

158 
109 

71 

124 
41 

25 
JB 
33 

17 

. 

31 
120 
80 
16 

60 
46 
70 
65 

47 
71 

80 
79 

ft6 
43 

98 
28 
45 

80 
o6 
40 
47 

10 
78 
6 
10 

286 
130 
90 

75 
75 
144 
128 

151 
306 
318 
152 

S29 
460 
269 
297 

409 

90 
135 
190 
436 

263 
489 
30 
166 

219 
213 
176 
95 

66 
106 
70 

10 

4 

26 
69 
66 

141 
183 
267 
312 

421 
492 
467 
479 

509 

480 
489 
471 
451 

563 
585 
505 

487 
Ml 

.■Ml 
314 
254 
467 

410 
264 
87 
210 

1196 
240 
266 
30 

116 
90 
90 

b 

30 

43 

75 
48 

119 

tt54 
TtUI 
472 

999 
1002 
2026 
1603 
3119 

2920 
3222 
1600 
1034 

1346 
1734 
8:18 
965 
1089 

573 
062 
1181 
5736 

1153 
2247 
186 
236 

of  the  Fiihery  Board  for  Scotland. 


TablbXXH. 

showinif 

tlie  Weekly  Catch  of 

HeiriDKS 

ID  th«  Firth  of  Clyde 

BuUati- 

Cunpbel- 

Inver- 

Oreen- 

Rothe- 

We 

ek  ended 

trae. 

town. 

aray. 

""■ 

B«t* 

c™ 

BhUCiui 

B«tii 

CiM. 

BOMl 

Cmm 

^ 

Cruu 

B... 

Cnn 

I87H. 

2     . 

9    . 
1(1    . 
23    . 

:w    . 

1877. 

441 
60 
10 

617 

90 
6 

li>8 

2 

66 
10 

776 
2 

6    , 
13    . 
20    . 

27    . 

•2 

2 

Winter*  Spring. 

) 

imt 

■    ■ 

102H 

Mfty 

12    . 

37 

fli 

.     .1   . 

.■i7 

81 

1«    . 

r>7 

57 

57 

211    . 

ro 

157 

- 

70 

157 

2    . 

TS 

aKi 

' 

5 

73 

208 

tf    , 

fi» 

i;m 

2« 

r. 

7;i 

24 

V 

72 

158 

236 

16     . 

79 

ii« 

m 

154 

75 

I2K4 

:w 

73 

276 

1824 

ISf     . 

HI 

III 

119 

'il*> 

NKt 

71  Kl 

39 

37 

.142 

i;«6 

m   . 

44 

76 

117 

jm 

141 

two 

M 

62 

18 

U 

358 

1033 

July 

J 

.W 

2I« 

120 

-m 

1117 

1254 

45 

132 

29 

w 

416 

2067 

14     . 

7(1 

94 

1119 

451) 

195 

897 

57 

[>l 

73 

40C 

1571 

21     . 

|-?7l 

^11 

IVHo 

:U 

9f. 

Kh 

154 

47C 

290B 

28     . 

57 

183 

1H8 

16'J2 

M-i 

7irj 

;« 

120 

46 

120 

506 

2627 

Auy. 

i     . 

3ft 

?.n 

1:» 

iflrtH 

41-S 

urn 

.12 

211 

« 

303 

tUH! 

3723 

11     . 

1« 

29 

m. 

HUH 

W2 

1736 

,-(« 

172 

ilK 

3;i9 

090 

18    . 

24 

40 

84 

m 

214 

II 10 

,S« 

142 

118 

3H(» 

476 

26;W 

25     . 

m 

87 

109 

157 

.104 

423 

41 

105 

M 

266 

563 

16.38 

S<-,.t 

, 

4 

13 

f&. 

5I« 

400 

1053 

n 

W> 

104 

268 

619 

1920 

8     . 

\X1 

(94 

M4 

1371 

13 

21 

70 

219 

560 

1906 

15    . 

iA 

4tt 

217 

2tl2 

8 

15 

;15 

SO 

324 

283 

22     . 

W, 

4II> 

2M7 

rt»7 

1* 

n<> 

120 

444 

1297 

29     . 

88 

388 

28« 

JU9U 

14 

42 

13 

49 

402 

2568 

Oct. 

6     , 

A1 

49. 

m 

I5«7 

« 

9 

104 

437 

463 

2076 

13     . 

■9. 

10 

fr« 

KIO 

12 

3 

390 

20     . 

m 

«4» 

,Sf> 

40 

301 

280 

27    . 

134 

180 

134 

180 

Nov. 

3    . 

70 

rtflO 

iW 

491 

9» 

1151 

10    . 

7 

rtO 

.10 

;«i 

37 

90 

17    . 

48 

150 

48 

150 

24 

82 

82 

Dec. 

1     . 

8    . 
16    . 
22     . 
29    . 

70 
78 
10 
6 

60 
16 

3B2 
E 

142 
86 
10 

e 

398 
6 
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Week  ended 

trae. 

Campbel 

aray. 

Green- 
ock. 

Rothe- 
say. 

Total. 

B«U 

c».. 

Bort. 

Cnni 

B»U 

Oiui 

BotU 

Cnu 

Ito.b> 

Cmx* 

BmU 

Onni 

1878. 
J411.               5      . 

12     . 

„             19     . 

28    . 

Feb.           2    . 
9    . 
16    . 
23    . 

March         2    . 
9    . 

16  . 

23  . 

30  . 

April          6    . 

;.           13    . 

20    . 

27  . 

May             4     . 

11  . 

18  . 

25  . 

June           1     . 
8     . 
15     . 

2y   . 

20  . 

July           6    . 

",             21.1     . 
^7     - 

Aug.            3     . 
10     . 

17  . 

24  . 

31  . 

21  . 

28  . 

Oct.            5    . 

12  . 

19  . 

26  . 

31 

48 
83 
73 

151 
1»5 
164 
191 

182 

182 
1^8 
35 

16 

18 
37 

57 

71 
80 
84 
84 

r» 

75 
45 

05 
230 
751 
174 

3820 
4462 

206 

4600 

1261 
474 
SS 

23 

20 
26 
50 

145 

73 
9!) 

58 
W 

202 
116 
46 

'l 

64 
107 
152 
183 

U\ 
163 
183 
153 

299 
180 
149 
169 
152 

86 
32 

•800 

206 
79;5 
293 
S35 

360 
1608 
1443 

550 

903 

255 
289 
290 
268 

279 
13 

87 
112 
104 
138 

141 
164 

150 
145 

133 
139 
188 
126 
123 

126 

144 

5 

40 

12 
24 

■ 

: 

207 

335 

liuO 
1100 
1466 

670 

972 
115 
+7 

80 

57 

56 
37 

4 

14 
10 

i 

2fl 

27 
26 

26 
18 

20 
23 
26 
28 

25 
17 
26 
24 

IB 

3 

24 

40 
2fi 

22 
30 
10 

21 
76 
64 

TO 

47 

26 
104 
29 

17 

3 

/ 

15 
46 
88 
60 

56 
76 

m 

116 

20 

6 
34 
4 

23 
122 

210 
73 

17 
46 

119 
196 

9 

2 
14 
S 

31 
48 
83 
73 

151 
165 
164 
191 

182 
182 
182 
178 
36 

16 

18 
37 
57 

97 
268 
329 
366 
418 

492 
463 
49-2 
386 

513 
412 
431 
434 
310 

219 

210 

9 

40 

12 
24 

96 
230 
751 
174 

3820 
4462 
206 
1690 

4600 

1261 
474 
22 

23 

20 

74 

185 
612 

1236 
861 

1277 

1256 
L'922 
3228 
1363 

1939 
440 
559 
696 
361 

339 
64 
2 
4 

14 

10 

of  ihe  Fishery  Board  for  Sf-othmd. 


Week  ended 

Ballan- 
trae. 

.'jiiiipbul 

luver- 
any. 

Gie«D- 

ock. 

Rothe- 
say. 

Total. 

»». 

Cnuii 

n«u 

Cam 

Bmu 

Cnna 

BwU 

o™ 

17 
12 
14 

6 

■ 

63 
95 

m 

113 
76 

96 
106 
102 
94 
86 

c„™ 

B«U 

o™. 

1878. 
Nov.    a  . 
»  . 
„      16  . 

23  . 

30  . 

Dec.     7  . 

14  . 

21  . 

18Tfl. 
Jan.     4  . 

11  . 

18  . 
25  . 

Feb.     1  . 

8  . 

15  , 

22  . 

March    1  . 

8  - 

15  . 

22  . 

29  . 

April    5  . 

T.     12  . 

IW  . 

211  . 

Mny     :i  . 
10  . 
17  . 

24  . 

31  . 

June     7  . 
14  . 
21  , 

28  . 

July     5  . 

12  . 

19  . 

a«   . 

Aug.     2  . 

9  . 

16  , 

23  . 

30  . 

10 
14 

•i 
m 

188 
290 

304 
■504 
125 
^51 

u>51 

204 
210 
199 
98 

47 
10 

13 
37 

? 
53 
^1 

76 
SO 
■71 
85 

■) 

? 

83 

66 

66 
37 

49 

00 

30 
9 
5 

90 
1334 
307« 

3428 

104 
410 
1755 

4007 
1220 

921 
1783 
1050 

433 
21 

458 
38 
14 
34 

127 

59 
76 

68 
150 

121 

100 
US 
124 

117 
136 
116 
124 

39 

115 
117 
192 
236 

214 
225 
127 
183 

163 
191 
164 
116 
U3 

276 

218 
639 
139 
231 

261 
1234 

1026 
1315 

1296 
1924 

443 

585 

6 
50 
60 
105 
100 

90 

8 

■ 

02 
92 
103 
116 

137 
149 
169 
169 

169 
206 
184 
182 
17* 

1240 
350 
300 
260 

100 
30 

393 

785 
275 
715 

814 
765 

980 
1109 

2076 
1623 
2961 

1963 
972 

( 

48 
45 

50 
U 

50 
46 
48 
46 
34 

■ 

198 

149 
57 

135 
99 

166 
310 
117 
65 

89 

83 
20 
16 

36 
26 

ll-i 

160 
136 
238 
178 

244 
560 
254 
155 
143 

li 
67 

119 
110 

104 
14 
9 

56 
188 
290 

304 
304 
126 
251 

261 
£04 
210 
199 
98 

47 
10 

13 
37 
? 

53 
165 

283 
289 
306 

600 

494 
486 
542 
518 

634 
686 
547 
500 
466 

1323 
370 
316 
260 

109 
66 
31 

90 
1334 
3078 

342B 
104 
410 

1766 

4007 
12S0 
921 
1783 
1050 

433 
21 

468 
38 
14 
34 

403 

670 
1400 

472 
1188 

1506 
2291 
2496 

3899 
4343 
4267 
2770 
1838 

*  Ttoa  lit  January. 
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BftUan- 

Campbel-'     luvur- 

Greeu- 

EU-the- 

Week 

end«d 

trae. 

.o.„.     1     „^ 

say. 

1879. 

Sept. 

6     . 

lA 

«2 

142 

971 

IKl 

l»K 

18 

tiA 

13     . 

536 

^t 

63 

40 

m 

373 

1G45 

20    . 

.91 

l'^54 

131 

726 

Wi 

115 

18 

29 

3«B 

2324 

27    . 

155   1003 

166 

239 

21 

48 

40 

7& 

381 

1365 

Oct. 

*    . 

t 

2fl 

202 

887 

142 

201 

Ift 

74 

48 

210 

410 

1398 

11     . 

ir 

■M 

94 

31 1 

179 

785 

86 

VfH 

376 

134;i 

18     . 

.■M 

-•94! 

m 

Mil 

104 

m 

367 

4189 

26    . 

22 

57 

180 

2986 

120 

410 

. 

M 

28 

;i58 

3480 

Nov. 

1     . 

?4 

68 

WW 

1507 

110 

16.) 

148 

*« 

547 

2668 

8    . 

m 

wm 

87 

448 

;t7 

287 

684 

4624 

15    . 

IB 

11 

m 

^Mi7 

1^4 

70 

175 

170 

778 

2617 

^•i    . 

uVi 

1515 

96 

SOh 

626 

1820 

29    . 

im 

66 

5 

5 

. 

160 

210 

327 

270 

Doc 

fi    . 

no 

46 

37 

18 

147 

64 

13    . 

4H 

m 

82 

75 

128 

363 

20    . 

I8« 

J722 

186 

2722 

27    . 

2()2 

1075 

202 

107S 

1880. 

Jan. 

3    . 
10    . 

280 

49fl 

■     • 

290 

499 

17     . 

M() 

21 HV^ 

310 

2063 

24     . 

WA 

262^ 

364 

2624 

31     . 

Itf 

24 

.    19 

24 

Feb. 

14  ; 

21     . 

28     . 

307 
210 
186 

302 

2928 
512 
568 

2B20 

307 
210 
186 
302 

2928 
512 
668 

2520 

Mftrcb 

6    . 
13     , 
20     . 
27    . 

127 
253 
287 

1 

829 

4806 
4231 

9586 

127 
253 
267 
? 

829 
4806 
4231 
9686 

April 

3    . 
10    . 
17     . 
24    . 

10 

; 

10 

M.y 

1     . 

8    . 
15     . 
22    . 

47 

20 

1 

47 

20 

29    . 

m 

179 

123 

30 

183 

209 

June 

5 

95 

145 

135 

m 

945 

336 

12     . 

KW 

4;io 

ISA 

4ft7 

94 

190 

1107 

19     . 

124 

;fir> 

'm 

mi 

101 

;uo 

'( 

t86  *     i 

♦4, 

461 

1033 

26    . 

126 

im 

na 

1360 

114 

342 

ro 

174  1  76 

136 

668 

2401 

of  the  Fishery  Board  for  Scotland. 


Week  ended 

Ballan- 
trae. 

Campbel 
town. 

Inver- 
aray. 

Green- 
ock. 

Rothe- 

Total. 

B«, 

Uraii. 

Ur.. 

Cnns 

Bootj 

Cmn. 

Bo«U 

Omi 

n«u 

Cnni 

1880. 
July     3  . 
10  . 
..      17  . 

24  . 
31  . 

Aug.     7  . 

14  . 

21  . 

28  . 

r    A: 

18  . 

25  . 

Oct.     2  . 

a  - 

10  . 
23  . 

30  . 

Nov.     6  . 
13  . 
20  . 

27  . 

Dec.      4  . 
U  . 

18  . 

26  . 
1881. 

Jan.     1  . 
8  . 

15  . 

22  . 

29  . 

Feb.     5  . 
12  . 

19  . 

Mwch    5  . 
12  . 
18  . 
26  . 

April    2  . 
»  . 

16  . 

23  . 

30  . 

140 
113 
1« 
106 
39 

82 
44 
41 
2<1 

38 
20 

) 
13 

25 
32 

aa 

BO 
196 
31 

71 
! 
30 

m 

68 

W7 

uo 

B6 
56 

•97 
15 

.5fi 
58 

80 

12 

1400 
5»8 
J94 
210 
111 

152 

111 
67 
1.1 

16 

10 

18 

17 

16 

83 

125 
175 
420 
27 

910 

40 
20 

2126 
62 

ISO 

; 

2740 
6540 

462 
1562 
1489 
8419 

W5 

;mh 

182 

190 
192 

210 

2;iii 

ITit 
122 

26 
207 
148 
299 

318 
333 
408 

380 
■W2 

130 
330 
162 

64 

342 
108 
10 
106 

2:o< 
3;»8 

1707 
2044 
2254 

2822 
2184 
168 
252 

421 

268 
128 
1062 

720 
220 
63 

1220 
1081 

1210 
269 
U46 

1789 
939 
1540 
615 

126 
122 

150 
130 
166 

230 
161 

179 
176 

219 

154 
180 

164 
130 
123 

m 

124 

172 
2(«l 
338 
218 

220 

210 

8 

620 
2650 
1430 
1611 
1202 

1640 
704 

618 
1060 

5^* 
320 
268 
844 

487 
440 
480 

280 
220 

800 
1820 
1360 

610 

650 
4211 
12 

78 
36 
44 
42 

tA 

54 
48 

22 
21 

14 
1 
8 

370 
276 
31(1 
193 
.36 

161 
182 
40 
28 

35 

1 
21 

:i 

88 
148 

90 
15-6 

207 

166 
139 
89 
100 

«0 
10 
65 
46 

47 
42 
105 
66 
55 

SXi 
102 
45 
47 

69 
&6 
13 

222 
1118 
1196 
429 
738 

1097 
316 
77 
148 

82 
3 
36 
76 

66 
356 

304 
130 

1274 
409 

188 
85 

122 

129 

2 

776 
766 
612 
643 

665 

732 

621 
507 
444 

;i86 

426 
365 
626 

619 
518 
636 

667 
613 

997 
622 
740 
460 

702 
374 
201 
106 

siw 

168 
407 
346 

335 
256 
297 
316 

256 
168 
180 
? 

la 

5312 
7919 

5008 
4487 
4540 

6772 
3497 
960 
1601 

1073 
692 
453 

1971 

1277 
742 
899 
1820 
1514 

3499 
2673 
3104 
622 

3471 
1528 
1574 
615 

2126 
62 
120 
566 

793 
237 
2740 
6640 

4fi8 
1668 
148B 
841S 

Part  III. —  TmTUy-jifth  Annval  Report 


Balkii-  Caiiipbi:!- 

In 

■ei-- 

Green- 

Itolhe- 

Total. 

ftray. 

ock. 

We. 

k  ended 

,:::. 

atmx> 

Boau 

Cran, 

b™u 

Cnna 

BonU 

Opuu 

BoMe 

c™ 

1881.  __ 

May 

U    '. 
28  . 

1 

^ 

June 

4  . 

m 

231 

152 

147 

82 

342 

329 

720 

11  . 

»8 

32 

208 

607 

103 

1680 

379 

2219 

18  . 

lO-i 

45 

276 

872 

172 

1165 

560 

2082 

26  . 

97 

54 

304 

441 

260 

710 

659 

1206 

July 

2  , 

121 

287 

250 

1311 

244 

1135 

1 

132+ 

615 

2733 

SI  . 

78 

220 

269 

1645 

274 

360 

53 

204 

674 

2429 

lil  . 

117 

212 

316 

1764 

187 

186 

40 

101 

660 

2263 

23  . 

100 

110 

330 

1660 

177 

2811 

40 

£2 

99 

81 

746 

4714 

30  . 

73 

80 

334 

1530 

236 

26;i6 

33 

75 

98 

183 

774 

4404 

Aug. 

8  . 

;w 

33 

369 

1092 

224 

2344 

33 

as 

14 

5 

673 

3559 

13  . 

42 

91 

336 

1136 

170 

1968 

37 

76 

98 

202 

682 

3473 

20  . 

75 

158 

72 

822 

194 

3903 

21 

180 

135 

612 

497 

6675 

27  . 

26 

4 

fflO 

917 

196 

i;i3i 

30 

122 

10 

13 

652 

2587 

Sept. 

3  . 

^1 

749 

181 

1440 

9 

55 

5 

10 

516 

2264 

10  . 

§62 

113 

144 

1121 

10 

10 

12 

413 

1256 

17  . 

248 

62 

i;i5 

1035 

2 

36 

385 

1123 

24  . 

40 

56 

llfl 

883 

2 

42 

161 

981 

Oct. 

1  . 

40 

78 

118 

700 

3 

44 

161 

622 

8  . 

43 

16 

107 

60 

. 

150 

76 

16  . 

60 

104 

226 

164 

226 

22  . 

50 

2 

60 

212 

71 

214 

29  . 

87 

422 

130 

1760 

217 

2172 

Nov. 

6  . 

M 

« 

84 

64 

154 

1530 

15 

20 

287 

1620 

12  . 

:ti 

5 

134 

.J76 

194 

600 

36 

367 

1036 

IH  . 

•2i) 

80 

160 

700 

12 

95 

272 

1004 

26  . 

70 

334 

150 

960 

9 

22 

229 

1316 

Dec. 

3  . 

84 

224 

160 

870 

9 

7 

263 

1101 

10  . 

31 

100 

766 

164 

400 

19 

61 

314 

1234 

17  . 

4(1 

10 

126 

1688 

152 

85 

323 

1683 

24  , 

75 

67 

46 

60 

123 

127 

31  . 

121 

94 

121 

94 

882. 

J»u. 

14  ' 
21  . 

28  . 

108 
184 
226 
236 

10 

790 
383 

■ 

108 
184 
226 
23ti 

id 
790 
383 

Feb. 

4  . 
11  . 

18  . 
25  . 

(03 
402 

422 

1726 
13B8 

3104 

" 

■ 

403 
402 

422 

1726 
1368 

3104 

of  tke  Fishery  Board  for  Scotland. 


Biillun- 
tnie. 

Camjibe] 
town. 

luver- 
iiray. 

Greou-      Rothe- 
ock.           say. 

Total. 

Week 

ended 

Cniu 

Zu 

Onn 

Bokb 

Cnna 

^ 

a™„ 

BoaU 

Onn 

B«U 

c™ 

1882. 

March 

4     . 
11     . 
18    . 

as   . 

378 
56 

1286 
51 

378 
65 

1286 
61 

April 

1   .1 

tf   .1 

15    . 

■( 

125 

22    .1 

20    J 

May 

6     . 

la  . 

20     . 

27     . 

30 
4& 
45 

68 

46 
34 
27 

20 

■f 

•e^ie 

30 
45 
46 
68 

46 
34 
27 
20 

June 

;(   . 

tOS) 

83 

186 

t445 

42 

23 

337 

661 

10    . 

147 

£42 

356 

932 

84 

10 

; 

587 

1184 

17     . 

148 

152 

390 

1189 

99 

45 

? 

137 

637 

1386 

24    . 

17C 

234 

487 

2807 

190 

664 

57 

168 

910 

3873 

July 

1     . 

123 

132 

G70 

1960 

206 

2843 

42 

7» 

940 

6010 

8     . 

52 

422 

2502 

214 

1719 

33 

136 

? 

S360 

721 

4409 

15     , 

4S 

09 

mo 

3004 

214 

1784 

34 

264 

278 

350 

1181 

6071 

22     . 

■1? 

88 

t40 

2537 

277 

1990 

39 

210 

94 

431 

797 

5256 

29     . 

40 

59 

420 

3772 

367 

2367 

22 

61 

12 

8 

851 

6267 

Aug. 

S     . 

8 

50 

383 

2179 

241 

1780 

24 

72 

43 

206 

699 

4287 

12     . 

6 

■Jfil 

2546 

186  <3454 

40 

415 

62 

»7 

634 

6543 

19     . 

14 

24 

326 

£449 

184  a370 

46 

271 

61 

114 

620 

6228 

26     . 

11 

9 

121 

2878 

140 

2961 

39 

613 

46 

118 

667 

«67» 

Sept. 

2     , 

J2 

73 

3X5 

306 

159 

313 

34 

221 

6 

6 

525 

919 

9     . 

12 

£5 

310 

670 

203 

2170 

51 

374 

8 

IB 

684 

4284 

lU     . 

11 

13 

56 

3740 

188 

2502 

21 

188 

4 

6 

380 

5448 

2:1    . 

e 

Bl 

58 

jOO 

198 

2666 

24 

389 

389 

3696 

»)    . 

a 

49 

40 

^29 

201 

992 

23 

214 

«0 

160 

432 

1834 

Oct. 

- 

17 

29 

12« 

086 

207 

2320 

8 

22 

86 

215 

u:i 

3672 

14     '. 

3 

10 

957 

214 

2894 

68 

226 

386 

4077 

21    . 

4 

41 

10 

08o 

243 

2209 

68 

180 

425 

3516 

28    . 

51 

11 

16 

i792 

249 

5240 

130 

930 

616 

9143 

Nov. 

4     . 

» 

156 

40 

261 

2640 

146 

437 

446 

3233 

11     . 

12 

6 

40 

266 

3668 

140 

490 

447 

4064 

18    . 

244 

2205 

130 

330 

374 

2536 

25    . 

262 

2327 

60 

166 

312 

2492 

Dec, 

2     . 

209 

684 

63 

22VI 

272 

B13 

11     . 

2 

2 

40 

40 

18 

18 

25 

100 

4fi 

16     . 

21 

16 

16 

6 

37 

21 

23    . 

•70 

32 

70 

3S 

" 

30     . 

93 

«7 

93 

67 
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B<iU»n- 

Cumpbel 

Inyer-     i  Giv«n- 

Uothe- 

Wee 

k ended 

trae. 

tuwii. 

way. 

ock. 

^u 

Cnn* 

B«U 

Cnn* 

BWU 

Ormni 

B«UCmu 

B«UCiu> 

B«M 

CrtM 

1883. 

Jan. 

6     . 
13     . 

98 

i>Sb 

,S- 

685 

20    . 

;i;«i 

vf19f 

.            -   1       . 

330 

2196 

27    . 

246 

120 

- 

246 

120 

Feb. 

10    . 
17    . 

24    . 

262 
132 

in 

408 

87 
327 

19 
1333 

* 

262 
132 
10 
408 

87 

327 

19 

1333 

Mar. 

lii  ■ 

320 

77* 

320 
130 

16060 
774 

17     , 

4X 

■«9 

48 

339 

24     . 

hi 

393 

57 

393 

31     . 

■  r- 

April 

7     . 

14    . 

21     . 

28     . 

M*y 

6     . 
12     . 
19     . 

V 
13 
fi9 

3 
49 

■      1      ■    '       ■ 

. 

7 
13 
69 

3 
49 

25    . 

102 

136 

102 

136 

June 

■i     . 

131 

207 

.  l-,..« 

131 

9     . 

I7ti 

327 

210  624 

IM) 

6 

636 

957 

lU     . 

149 

167  i409  1120 

152 

208 

710 

995 

23     . 

127 

112  4  9 

m 

Jiff 

14,15 

■( 

m 

74;i 

2529 

30     . 

101 

172 

J40 

1041 

281 

1BB5 

34 

78 

73« 

2946 

July 

7     . 

102 

187 

tfifi 

934 

250 

1594 

2S 

56 

730 

2771 

14    . 

llfl 

229 

«i« 

ift7;' 

/64 

wsm 

3?l 

\'M\ 

*4n 

4818 

21     . 

77 

41 

m 

VAU 

240 

1977 

n 

\\\ 

U9 

!>;« 

823 

3713 

28     . 

50 

34 

3t>8 

ll'Ib 

213 

2074 

33 

90 

•27 

69 

691 

Am-2 

Aug. 

4     . 

9 

14 

428 

2933 

2im 

2427 

^8 

H4 

m 

95 

7-'4 

5552 

11     . 

AS 

Iff 

Wfi 

SOI 

loan 

36 

4n 

^ 

641 

18     . 

19 

3K 

W9 

14:11 

192 

1384 

r 

90 

6 

2 

563 

2039 

25    . 

42 

68 

431 

1010 

224 

1062 

17 

75 

J6 

145 

730 

2340 

Sept. 

1    . 

i2r> 

1394 

209 

1692 

31 

246 

10 

40 

675 

3372 

8     . 

tt 

8 

m 

I4<il 

199 

i9;«i 

19 

102 

10 

46 

666 

3653 

15    . 

IS 

11 

Mtl 

/IK 

189 

440 

22    . 

U 

f, 

112 

\m 

«07 

1506 

tn 

348 

1724 

29    . 

113 

977 

206 

1743 

4 

3 

323 

2723 

Oct. 

6    . 

119 

■Wfi4 

234 

•W47 

fiO 

120 

413 

7631 

13    . 

122 

WM 

.^ir. 

2252 

46 

m 

383 

3986 

20    . 

1«4 

!17 

2t»4 

8 

66 

358 

27    . 

121 

1017 

196 

906 

' 

48 

339 

1971 

of  (ke  Fiakery  Board  for  Scotland. 


Week  ended 

Ballan- 

Campbel 
town. 

Inver- 
ar»y. 

Green- 
ock. 

Rothe- 

wiy. 

ToUl. 

BolW 

Cnin. 

B»l. 

1?™ 

B«U 

Cn.n. 

B»»Onn 

BmU 

ci™ 

B«U 

Onu. 

1883. 

Noy.     3  . 

10  . 

17  . 

24  - 

Dec.     1  . 

8  . 

15  . 

".     29  ; 

1884. 
Jan.      5  . 

12  . 
lit  . 
26  . 

Feb.     2  . 

9  . 

16  . 
23  . 

Msreh    1  . 
8  . 
15  . 

22  . 

29  . 

April    5  . 
12  . 

"           -it*.  '. 

May     :l     . 
1(1  . 

17  . 

23  . 

31  . 

Jun.^     7  . 
14  . 
21  . 
28  . 

July     5  . 
12  . 
19  . 
2«  . 

Aug.     2  . 

,'!       iti  . 

23  . 

17 
8 
48 
89 

90 
76 
246 
117 

70 

222 
255 
245 

257 
198 
71 
82 
72 

40 

49 
V6 
107 
126 

98 
122 
141 
IBO 

113 

il9 

i>8 
38 

38 
43 
52 
44 

28 

9 
33 

8 
55 

47 

182 

35 

3271 

255 

70 
559 
1067 
2063 

177f 
1802 
238 
188 
1052 

6 

31 
116 

279 
93 

102 
33S 
190 

32e 

171 

238 
202 
105 

89 
306 
6B 
92 
2(1 

142 

155 
175 

79 

195 
112 

20 

. 

. 
\ 

143 

205 
316 

420 

mi 

330 

J70 
348 

428 
398 
280 
270 
204 

3505 

131( 
135 

63 
1479 

811 
952 

(J23 
775 
1432 

)150 

2692 
871 
1651 
1648 
1629 

209 
180 
164 
120 

00 
45 

149 
235 

233 
238 

258 
284 

250 
227 

184 
216 

208 
1!I0 
20G 

1168 
826 
165 
38 

333 
12 

1060 
480 
1244 
1284 

1086 
9iMt 
490 

118(1 

609 
1288 

860 
1546 
1310 

22 
28 

36 
19 
68 
37 

41 
26 
49 

aa 

45 

t87 
28 
49 

108 
104 
159 
134 

28* 
286 
331 
136 
144 

65 

76 
60 
30 

45 
66 

1 
134 

140 
56 

?« 

79 

108 
106 

67 

135 
105 
112 

20 

112 
42 

■ 

■ 

■ 

*552 
240 

190 
166 

230 
178 
653 
286 
176 

416 
411 

399 

332 
239 
8 
68 
89 

90 
76 
246 
117 

70 
222 
255 
245 

267 
198 
71 

72 

40 

4B 
76 
107 
125 

300 
562 
712 
836 

7i*7 
886 
896 
706 

767 
762 
697 
(142 
550 

4798 

1669 
1587 
193 

517 

1566 

8 

55 

47 

182 

35 

2271 

255 

70 
559 

1067 
2063 

4776 
1802 
238 
188 
1052 

6 

31 
116 
27B 

93 

1530 
1051 

2611 

1988 
2347 
2473 
4741 

3901 
2930 
3561 
3708 
3286 
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TiBLK  xxn 

,  ahowina  the  Weekly  Catch  of  Herrings  in  the  Firth  of 

Clyde 

Week  ended 

Ballan- 
trae. 

Campbel 
town. 

Inver- 
aray. 

Green- 
ock. 

Rothe- 
Bsy. 

Total. 

Bmu 

-'r 

Cnu 

B«U 

Cnuu 

Boi 

Onn 

B«ti 

UnuH 

1884. 

Sept.           6    . 

,,            13    . 

20    . 

27    . 

Oct.            4    . 
11     . 
18    . 
25    . 

Nov.           1     . 
8     . 
15     . 

22  , 
29     . 

Deo.            6    . 

13  . 

20  . 

27  . 

1885. 
Jan,             3     . 

10  . 

17  . 

24  . 
31     . 

Fob.            7     . 

14  . 

21  . 

28  . 

March        7     . 
14     . 
21     . 
28     . 

April           4     . 

11  . 

18  . 

25  . 

•^^     I: 

10    . 

23  . 
30    . 

June            n     . 
13     . 
20     . 
27    . 

10 
21 

8 

16 
416 

94 

128 
S4 

189 
395 
325 
120 

271 

160 
35 

10 
17 

67 
lOfi 

114 
131 
108 
145 

2fi 
53 

9 

1 

61 

190 
132 

87 
329 

1*9 

34 

530 
81 

712 
1102 

1666 

35 

34 

8 
96 

IfW 

385 
271 

172 
179 
142 
142 

150 
22 
244 
266 

2B6 
120 
195 
126 
46 

i 

24 
i09 
112 

39B 

40 
269 
295 
321 

321 

806 
3929 
4578 

20 
812 
3006 
410 
165 

109 
955 

787 
677 

17" 
188 
184 

188 

190 
164 
170 
134 

113 

34 
30 
26 

; 

204 
206 
214 
215 

248 
597 
792 
80 

fl3 
456 
09 
14 

4 

2117 
1744 

1214 
ill2 

44 
36 
15 

? 
40 
48 

69 
89 

8 

+142 
82 
94 

81 

63 
32 
10 

10 
128 
131 

84 

75 

<a 

54 

76 

i2 

4 
40 

j 
140 

187 
134 
1(1 

10 
149 

590 
90 

36 
60 
95 

185 

101 

£ 
240 

90 

484 
48ti 
373 
340 

350 

318 
551 

490 

464 
183 
283 
258 
162 

4 
16 

106 

6 

94 

128 
84 

189 
395 
325 
120 

271 
28!) 
160 
35 

10 
17 

57 
105 

442 
646 
674 
844 

570 
1142 
1114 

401 

403 
1420 
4670 
4748 

69 
862 
3101 
791 
398 

5 
87 

569 

99 

34 
530 
81 

382 
712 
4102 
659 

1666 

12033 

360 

33 

34 

8 
95 
160 

2611 
2970 
2342 
3376 

qJ  the  Fishery  3)ard/or  Scotland. 


BallflQ- 
trae. 

Cumi-bal 

Inver- 
aray. 

Oreen- 

ock. 

Rothe- 
say. 

Total. 

Wee 

bended 

«:: 

Prmn. 

Bo, 

uo^ 

B«Ui 

Gmn. 

BmU 

o™.. 

B»u 

□r«H 

B«U 

On™ 

885. 

July 

4      . 

ii; 

117 

M 

1307 

216 

1671 

36 

86 

148 

250 

918 

3431 

11      . 

89 

135 

35t 

1263 

224 

1470 

45 

88 

120 

170 

834 

3126 

18    . 

101 

225 

33( 

M21 

264 

1745 

13 

198 

63 

HI 

771 

4700 

26     . 

86 

185 

29- 

1866 

236 

1399 

42 

94 

82 

109 

738 

3673 

Aug, 

1     . 

72 

104 

2* 

962 

222 

959 

42 

91 

S4 

143 

704 

2269 

8     . 

Bl 

152 

28 

1349 

214 

980 

42 

59 

58 

62 

684 

2602 

16     . 

40 

48 

28 

1793 

221 

905 

48 

flfi 

56 

82 

(>62 

2924 

22    . 

38 

62 

2» 

2348 

102 

2276 

56 

217 

78 

200 

6tll 

5103 

29     . 

20 

199 

2& 

789 

205 

1361 

16 

19 

20 

34 

525 

2402 

Sept. 

5    . 

& 

11 

U. 

1683 

221 

975 

24 

48 

161 

284 

646 

2901 

12     . 

fl 

7 

21 

3428 

212 

1643 

3 

6 

103 

198 

536 

4282 

19     . 

32 

1790 

203 

1429 

14 

11 

34 

50 

672 

6280 

„ 

26    . 

14( 

121 

22 

30 

64 

130 

214 

281 

Oct. 

3    . 

21 

2930 

103 

1541 

60 

45 

373 

4516 

10    . 

22" 

4764 

214 

3050 

130 

1954 

566 

9768 

17     , 

22 

260 

196 

244 

165 

240 

584 

734 

24     . 

23 

967 

118 

9 

185 

574 

536 

1560 

31     . 

7 

110 

3 

105 

275 

287 

278 

Not. 

14     '. 
21     . 

2a   . 

2 

1 

110 

75 
80 

50 

140 
206 
140 
72 

217 
87 
80 
50 

140 
206 
140 
72 

Dec. 

5     . 
12    . 
19     . 

; 

7 

100 
20 

4 
190 
147 

11 

100 
20 

4 

100 
147 

2(1     . 

38 

227 

24 

136 

62 

362 

I88«. 

Jan. 

2    . 

9     . 
16     . 
23    . 

55 
66 

4 
65 

55 
66 

4 
AS 

30     . 

SO 

115 

80 

116 

Fub. 

(1    . 
13     . 
20     . 
27    . 

S2 

201 
166 

385 

4:J8 

29ft 
1121 

;i 

92 
201 
186 
286 

367 
43S 
298 
1121 

Mwoh 

H    . 
13    . 
20    . 
27    . 

2fl2 
257 
176 
39 

690 

1237 

olCI 

16 

202 
267 
176 
39 

690 

1237 

610 

16 

April 

3    , 
10    . 

24     . 

[: 
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Tablb  XXn.,  showing  the  Weekly  Catch  of  Herrings  in  the  Firth  of  Clyde 

Districts  from  1854-1906— conhnu^d. 


Week  ended 


1886. 

May     1 

8 

15 

22 

29 


»♦ 
f  * 


»» 


June 

»♦ 
»» 
>» 

July 

»• 

Aug. 

>> 
»> 

«« 

Sept. 

»» 
»» 
>» 

Oct. 

>» 
»♦ 
»» 

Nov. 

»» 
Dec. 


5 
12 
19 
26 

3 
10 
17 
24 
31 

7 

14 
21 
28 

4 
11 
18 
25 

2 

9 

16 

23 

30 

6 
13 
20 
27 


4 
11 
18 
25 
1887. 
Jan.     1 
8 
15 


Feb. 


»» 


29 

5 
12 
19 
26 


Ballan- 
trae. 


BoftU 

CranB 

Boats 

• 

• 

• 

• 

• 

• 

• 

• 

• 

24 

27 

• 

? 

30 

9 

272 

76 

41 

216 

55 

15 

183 

96 

128 

350 

108 

190 

380 

116 

403 

276 

97 

134 

292 

93 

186 

200 

87 

232 

202 

82 

145 

274 

69 

95 

300 

54 

111 

290 

37 

44i 

282 

24 

44 

200 

11 

4 

100 

8 

130 

14 

41 

180 

• 

• 

180 

21 

59 

185 

22 

16 

110 

22 

39 

311 

17 

92 

223 

• 

• 

108 

14 

14 

124 

4 

4 

2;^ 

18 

10 

400 

13 

18 

220 

14 

15 

20 

• 

.  315 

3 

4 

• 

18 

• 

12 

• 

29 

9 

29 

19 

24 

20 

21 

18 

50 

132 

70 

188 

113 

416 

Campbel- 
town. 


Inver 
aray. 


Crans  Boats 


•4«07 

813 
180 
154 

928 

367 
815 
720 
144 


130 
188 
il86 
174 

182 
198 
216 
236 


a38201 


1294 

664 

1093 

1268 

1915 
94 
67 
83 

525 


318168 


146 
647 
934 


360164 
523 


565 
1666 

2305 
135 


198 
196 
194 
193 

188 
190 
102 
113 

162 


168 
168 
171 


i;^ 

130 
130 

55 


Crans 


581 

756 

451 

1133 

1502 
533 
912 

1049 
596 

874 
1251 
1150 
1672 

1082 

11 

552 

256 

120 
45 

6;^ 

111 
4:^ 


46 
35  I 
95 

143 


Qreen- 
ock. 


Boats  Crans 


? 

21 
51 
33 
46 
56 

51 
45 
48 
25 

8 

• 

5 
4 


Rothe- 
say. 


Total. 


Boats 


tl5 
29 

86 
56 

74 
105 

59 

65 

158 

28 

2i 

10 


? 

121 
94 
57 
97 

72 

47 

96 

105 

19 

5 

16 

22 

45 

284 
215 
190 
170 

130 
110 

85 
110 


95 

85 


Crans 


♦125 

260 

180 

114 

59 

141 

82 

232 

148J 

20 

33 

48 

1138 

163 

:uo 

270 
180 

i:w 

115 
145 

148 

340 


Boats 


24 

432 
480 
424 
620 

691 
762 
732 
632 
643 

677 
657 
682 
642 

439 
306 
261 
333 

387 
658 
515 
691 
581 

402 
378 
45:$ 

(>58 

383 

34 

400 

3 

18 
12 
29 
29 
24 

21 

50 

70 

113 


Crans 


27 

1403 
977 
620 

2189 

2088 
2097 
2002 
1567 
1630 

2513 
2157 
2744 
3161 

3063^ 
106 
659i 
413' 

693 
1560 

388 
1137 
1339 

540 

713 

719 

1916 

2614 

150 

5690 

4 


9 
19 
20 

18 
132 
188 
416 


*  From  let  January. 


t  Up  to  date. 


of  the  Fishery  Board  for  Scotland. 


)     '.)5      '. 


420 1030l240 

"  01272J246 
iti  1643:255    1 
)5  625^365 

518255   ] 
0911i|256 


207 


51411233 


1591  ', 
716  ] 
1349     J 


,     201  65022& 

,    2001    065204 

76     65196 

,     2242054'17« 
I     238  122176 


(3  3391 

I3  576i 


I  148131 
.  361     : 


1100 
122(1 
1161 

1002 

165U 
2748 
41784 
2153* 


3196 
20951 
2347 

11601 
1602 
4076J 


384 


3123 


Il78 


>001  875  I 
I  1101 

I    2m  17 

I  520^  992 
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tabi*  xxn. 

showing  the  Weekly  Catdi  of 

HerringB 

in  the  Firth  of  Clyde 

BaUan- 

Campbel- 

Inver- 

Green- 

Rothe- 

tTae. 

town. 

Week 

ended 

Bo«. 

0         B«t 

B^t. 

"-r 

0™ 

B«ti 

3nBM 

B«U 

Cn« 

1888. 

Jan. 

7    . 
14     . 
21    . 
31    . 

7 
47 
37 
30 

13 
317 
65 
55 

7 
47 
37 
30 

13 
317 
66 
56 

Fab. 

4    . 
11     . 
18    . 
25     . 

26 
61 

52 
133 
537 
1406 

22 
26 
38 
61 

62 
133 
537 
1406 

March 

3    . 
10    . 
17    . 

24     . 
31     . 

147 
23 

6786 
162 

147 
23 

6796 
152 

April 

7     . 
14     . 
21     . 
28    . 

: 

May 

5     . 
12     . 
19     . 

37 

66 

'37 

66 

June 

2    . 

fiO 

24 

60 

24 

9    . 

M 

5; 

100 

a( 

IB? 

18 

306 

91 

16     . 

m 

;« 

Kit 

41 

IW 

248 

i 

t8fl 

400 

332 

23    . 

79 

7; 

139 

nt 

236 

1K4 

fi3 

123 

■t 

*R97 

506 

496 

30     . 

83 

.m 

269 

622 

661 

78 

479 

105 

;i77 

803 

2368 

July 

7     . 

ftfi 

355 

380 

low 

?511 

655 

8? 

276 

108 

540 

889 

3914 

14     . 

57 

5tW 

37fi 

10(11 

t>4»- 

olH 

81 

370 

i;<6 

1011 

899 

4491 

21     . 

72 

271- 

:vjffi 

1IS3. 

2;«2 

VTM 

;w 

67 

113 

161 

780 

4378 

66 

116 

MO 

960 

2271 

738 

83 

498 

96 

1171 

811 

4483 

4     . 

4fl 

192 

IflU 

IPSii 

R2fil 

SWl 

fifl 

366 

180 

pa: 

676 

5711 

11     . 

41) 

80oil66 

?S 

HI  71' 

608, 

f>« 

3261 

i:i8 

■^^ 

616 

5013 

18     . 

2» 

O^llDO 

2111' 

?37 

57 

/4iy 

176 

661 

4885 

25     . 

27 

3 

296 

38H 

llifi 

1073 

61 

139 

65 

162^ 

626 

1796| 

Sept. 

1     . 

27 

35f 

3WI 

ITfi 

760 

12 

55* 

114 

fion 

681 

3130^ 

8    . 

ft 

K66 

171 

692 

lf> 

20 

69 

19. 

533 

136( 

15     . 

272 

1425 

171 

1711 

18 

21. 

198 

79i 

666 

2961 

22    . 

204 

100: 

I7( 

(U 

15 

14 

1 

403 

16t 

1, 

29    . 

a 

7 

TW 

m\ 

93 

661 

12 

2 

3 

204 

768 

Oct. 

6    . 

n 

43 

m* 

itOSf 

ft? 

349] 

S3 

361 

391 

1338* 
29421 

13    . 

14 

T. 

f.\(i 

220- 

167 

85  ;  312 

476 

20     . 

If 

250 

1372 

1« 

267 

69 

IIW 

501 

1757 

27     . 

16 

13 

223 

218 

162 

115 

6r> 

60 

455 

396 

of  ihi  FUhery  Board /or  ScotUmd. 


Ballan- 

Campbel- 

Inver- 

Green 

Rothe- 

Tf*"' 

trae. 

town. 

atay. 

ook. 

say. 

Week 

ended 

BuU 

.™ 

B«,. 

.«. 

BokU 

Oiuu 

- 

^ 

Boat* 

c™. 

Duta 

Oruu. 

1888. 

~ 

Nov. 

3    . 
10     . 

226 

1466 

162 

120 

43 

66 

431 
120 

1530 

17     . 

316 

648 

112 

260 

25 

43 

353 

951 

24    . 

90 

146 

112 

6 

13 

208 

159 

Dec. 

1     . 

268 

2753 

94 

69 

. 

45 

250 

407 

3092 

8    . 

270 

1797 

94 

25 

50 

389 

1847 

15    . 

40 

666 

3B0 

2388 

86 

16 

33 

631 

3086 

22    . 

54 

172 

J80 

2307 

434 

2479 

29    . 

62 

76 

180 

260 

232 

328 

1889. 

j™. 

6    . 
12    . 
19    . 
26    . 

25 
48 
39 
06 

55 

233 

61 
526 

26 
48 
39 
66 

56 
233 

61 
526 

e'eh. 

2    . 

9    . 
16    . 
23    . 

92 
4 

121 

280 
9 

2266 

■92 

4 
121 

280 

9 

2266 

March 

2    . 

9    . 
16     . 
23    . 
30    . 

166 
48 

6426 
745 
14 

156 
48 
6 

6426 
746 
14 

April 

6    . 
13    . 
20    . 

27    . 

■ 

May 

4    . 
11    . 
18    . 
25    . 

li 
4<t 

61 

: 

11 
46 

32 
61 

June 

1     . 

44 

46 

? 

•76S1 

1 

64 

44 

110 

8     . 

49 

501 

124 

205 

220 

35fl] 

61 

159 
89 

454 

1194 

15    . 

77 

157J 

183 

5901250 

71 

581 

22    . 

92 

U5j 

no 

2661142 

638° 

66 

159 

i 

•42 

409 

1109 

29     . 

77 

124 

no 

508 

258 

449 

87 

247 

125 

452 

657 

1780i 

July 

6     . 

78 

289 

180 

1285 

233 

66 

72 

16Ii 

126 

260 

689 

2050^ 

13     . 

65 

89J 

132 

Tot 

223 

1862i 
2604 

69 

58^ 

120 

166 

589 

2967 

20    . 

63 

183^ 

148 

220 

76 

457] 

125 

552 

631 

4402} 
2950j 

27     . 

48 

6ll 

120 

■MO 

219 

1942' 

79 

18li 

64 

426i 

530 

Aug. 

3    . 

52 

98i 

fiO 

564 

208 

1397i 

66 

157 

115 

S68S 

490 

3086} 

10     . 

43 

30 

62 

331i 

208 

W4 

50 

122i 

106 

873 

469 

21011 

17    . 

fi 

13i 

61 

^0 

187 

676i 

46 

149 

167 

i)14i 

467 

2122 

24    . 

8 

3 

42 

42 

206 

594 

32i 

113 

305 

401 

1356 

31     . 

3 

U 

44 

933 

2as 

1665 

14 

15 

U6 

707i 

382 

3312 
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of  the  Fishery  Board  for  Scotland. 


Bftllan- 

Campbel- 

Invar- 

Green- 

fiothe- 

trae. 

town. 

May. 

wy. 

Week 

ended 

Onu 

1890. 

July 

5     , 

M 

m 

m) 

(Nil' 

'/7H 

IfMKf 

44 

4H 

06 

^11 

7«0 

3867 

12    . 

(In 

i;t5 

?m 

Ifi? 

!r,H 

SIW 

6fi 

m\ 

IK 

499i 
?3]| 

796 

6366 

19    . 

JW 

197* 
197j 

l(K) 

iTM 

25(1 

HNMl 

57 

5ft 

16 

912 

4258 

20     . 

tl3 

146 

592 

234 

1090 

69 

142i 

103 

1U»J 

605 

3171 

Aug. 

2    . 

50 

IKl 

im 

M), 

lift 

2870 

4K 

9ti 

209 

Wll 

526 

7(">54i 

9     . 

4H 

K-21 

:{r> 

363 

/511ft 

47 

87j 
31 3 

m> 

508 

16     . 

IW 

9H 

10 

M 

■m 

«t:)< 

*1 

lOi^ 

I14:' 

427 

23     . 

H 

12 

17 

m 

■AH\ 

I4W 

19 

IH 

m 

199 

:«>7 

2681 

30     . 

4 

234 

800i 

26 

24 

302 

4313 

570 

614U 

Sept. 

a   . 

a 

ft 

98 

874i 

H 

7 

121 

W36* 

227 

1526 

13    . 

t> 

4 

DH 

I497J 

V. 

M 

ISO 

lfW7( 

S25 

■2613 

20    . 

IftH 

IIRI 

70 

268 

2036 

27    . 

»8 

876 

1 

2 

14 

30i 

103 

3oe{ 

Oct. 

4     . 

112 

47i 

834 

4? 

ft2 

388 

129) 
106&I 

11     . 

m 

VXH 

««i 

»K/ 

410 

18    . 

I4<) 

11? 

IKK 

698 

61 

101 

379 

911 

26    . 

MO 

2527 

IM 

1492 

70 

204 

494 

4223 

NOY. 

1     . 

2ft4 

7ft 

Ift4 

am 

:w 

30 

478 

411 

8    . 

n 

m 

XW 

4411 

"7 

4A 

5GI 

5312 

16     . 

?42 

•>M} 

179 

1ft4 

■ffO 

:«i 

441 

424 

22    . 

H 

'm 

m 

179 

1151 

<1B 

HKO 

516 

1856 

29    . 

44 

474 

228 

179 

1417 

42 

240 

493 

2131 

6    . 

47 

ftl7 

124 

:V) 

56 

386 

2048 

13    . 

i;w 

2271 

dfi 

3H 

60 

426 

3662 

20    . 

1H4 

i«Kt 

45 

104 

1595 

]« 

40 

346 

6923 

27    . 

i:w 

:.:» 

]ft4 

1(15 

HH 

964 

400 

1594 

1891. 

Jio. 

3    . 
10    . 
17    . 
24    . 
31    . 

75 
144 
48 

66 

247 

1546 

32 

SO 

75 
144 
48 

66 

247 

1646 

32 

in 

Feb. 

7    . 
14    . 
21    . 
28    . 

124 
224 
22& 

96 

23 

4875 

63 

92 
124 
224 
226 

96 

23 

4876 

53 

March 

7     . 
14     . 
21     . 

April 

4     . 
11     . 
18     . 
26    . 
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TuLBXxn 

the 

ffeekly  Catch  of  Homngf 

in  the  Firth  of 

Clyde 

BttlUn- 

Campbel 

Inser- 

Green- 

Rothe- 

T-mi 

inu. 

town. 

aluy. 

ock. 

say. 

We. 

k  ended 

™- 

Cnm 

Zu 

c™ 

z. 

Cruni 

Z 

BO.. 

Cnni 

1891. 

MV 

2    . 

9    . 
16    . 
83    . 

24 
46 

15 
24 
37J 

i 

•36 

! 

24 

46 

15 

24 

", 

SO    . 

71 

M 

y 

|12» 

33 

22 

104 

Jane 

6    . 

60 

94 

44 

71 

259 

779 

42 

66 

395 

1000 

13    . 

8B 

120 

150 

1143 

369 

657 

67 

1841 

561 

2105 

20    . 

84 

181 

1685 

260 

366 

77 

122: 

278+ 

602 

2277i 

87     . 

82 

193 

255 

1320 

252 

368 

S2 

*29; 

no 

792 

791 

3093 

July 

4     . 

81 

265 

216 

1571 

252 

1821 

101 

211; 

120 

039 

770 

46491 

11     . 

71 

S87 

25<.l 

3069 

252 

1562 

93 

90 

1025 

756 

6555 

18     . 

306 

214 

1784 

217 

2162 

81 

224 

101 

1126 

675 

6592 

25     . 

62 

113 

180 

1330 

213 

1965 

86 

2I6i 

91 

962 

621 

4686 

Aug. 

1     . 

42 

74* 

170 

2222 

213 

2783 

77 

197} 

105 

101  >1 

607 

6289* 

8    . 

16 

22 

58 

940 

212 

loasj 

85 

260, 

78 

600 

449 

2892 

16    . 

21 

33 

67 

B92i 

214 

748* 

61 

184 

102  l488 

456 

2346i 

22     . 

15 

8 

68 

292 

216 

996 

28 

58 

83  ;441 

409 

1796 

29    . 

12 

1 

40 

284 

212 

970i 

8 

23 

72 

V46i 

344 

2026 

Sept. 

5     . 

16 

14i 

A) 

'"3 

212 

428i 

6 

20 

47 

148* 

311 

730 

12    . 

4 

212 

1082 

4 

22 

60 

315 

280 

1426 

Ifl    . 

2 

3 

212 

9881 

2 

14J 

34 

168+ 

201] 

250 

1174 

26     . 

16 

19 

212 

1142 

1 

6 

65 

284 

1368 

Oct. 

3     . 

20 

87 

212 

792 

36 

26 

267 

901 

10     . 

14 

iM 

260 

883 

31 

48 

296 

942} 

17     . 

21 

262 

250 

1016 

30 

38 

301 

1306 

24    . 

vo 

J90 

264 

4000 

55 

136 

389 

4625 

31     . 

24 

299 

136 

504 

284 

2697 

40 

230 

484 

3730 

Nov. 

7     . 

19 

171 

73 

219 

300 

6(NH 

105 

1472 

497 

6863 

14     , 

65 

32 

22 

300 

324 

35 

28 

422 

384 

21    . 

63 

460 

14 

40 

284 

1693 

40 

353 

391 

2446 

38    . 

70 

300 

6 

286 

4120 

. 

38 

127 

402 

4547 

Dec. 

5    . 

77 

376 

266 

958 

20 

60 

363 

1394 

12    . 

8 

36 

261 

1471 

20 

22 

289 

1629 

19    . 

120 

1776 

261 

1016 

16 

32 

396 

2822 

26    . 

110 

759 

261 

2240 

■ 

371 

2999 

to  31    . 

261 

2253 

261 

2263 

1892. 

Jim. 

2    . 

9    . 
16    . 
Kl     . 
30    . 

Feb. 

6    . 
13    . 
20    . 

27    . 

38 
36 

187 
995 
396 

■ 

36 
46 
36 

187 
996 
395 

t  Fiom  Ut  JM11UU7. 


oj  the  Fishery  Board  for  Scotland. 


X31U 
1502  I 

low;  I 

lOSSil 

2552I 


1722 
22961 
166<) 


791 
83i 


26771 

339Si 
3646] 


2784 
2713i 


1677i 
1403 
1866 
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Table  XXU. 

she 

rrmg  the  Wenkly  Csteh  of  Herrings  in  the  Fbtli  of  Clyda 
Distrieto  from  1864-1906— euntinuof. 

Week  ended 

Ballan- 
troe. 

Campbel 
town. 

Inver- 
aray. 

Green- 
ock. 

Rothe- 
say. 

Total. 

1893. 
Jan.            7    . 
U    . 

21  . 

28  . 

Fab.           4    . 

11  . 
18    . 
25    . 

March        4    . 

u   . 

18  . 

25  . 

April          1    . 
8    . 
15    . 

22  . 

29  . 

May            6    . 

13  . 
20 

27  . 

Jane           3    . 
10    . 
17 
24    . 

July            1     , 

8     ■ 

15  . 

22  . 

29  . 

Auff.            5     , 

12  . 

19  . 

26  . 

Sept.           2    . 
„             9    . 

16  . 

23  . 

30  . 

Oct.            7    . 

14  . 
21    . 

28  . 

6 

5 
23 

Id 
6 
26 

60 

68 
60 
57 
43 

35 

66 
32 
44 

27 

23 
13 

1 

; 

34 

175 
246 

12 
6 
18 
63 

77 

4fl 
30 
39 

51 
261 
238 

99 

71 

61 

22 

1 

56 
182 
197 
241 

261 

272 
211 

182 
130 

20 
4 
9 
5 

2 

•MOl 

353 
367 
714 

1018 
1792 
1106 
1439 
1446 

1021 

986 

6 

39i 

16i 
3 

295 
296 
295 

267 
268 
261 
242 
242 

281 
238 
283 

227 

262 

265 
236 

236 

214 
210 
210 
210 

1000 
464 

550 

1237 

1345 
35774 
2660 
3320 

2437 

2866 
2638 
673 

1569 
1138 

686 
611 
364 

100 
17 
152 
436 

'l 

16 
45 
66 

58 

46 

66 
64 

60 
62 

60 
32 
24 
13 

31 

17 
4 

2 

H36 

38 
105 

235 

178 
260j 

66 

1 

15 

•1 
S3 
110 

12V 
61 
89 
65 

80 

47 
61 
36 
30 

36 
26 
20 
21 
24 

22 
12 
12 

6 

*20 
75 
143 

130 

270 
440 
382 
788 

248j 

29 
27 
25} 

12 

k 

6 

'      5 

23 
104 

5 

16 

6 
S6 
flO 

140 
682 
707 

747 

719 
733 
667 
693 
541 

455 
534 
347 
279 

335 
325 
289 
257 
262 

238 
822 
222 
218 

34 

176 
24fi 

12 
5 
18 
63 

162i 
1463 
10491 
1479 

24744 
3773 
6596 
4869 
6802 

1992i 
1258 
720 

Si 

116 
17 
160 
436 
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i 
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1000 
1066 
2139 


5936} 

3952 
5789} 
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3881  lat 

106  120 
39*112 
9  120 
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ttOl  266 
711  270 
a6Sj270 
36   276 


2108 

1249J 
1087 
369i 


3464 
2305;^ 
1612' 


66i 
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Bollan- 

Campbel- 

Inver- 

Green- 

Rothe- 

To*-' 

tTM. 

town. 

arfty. 

ock. 

say. 

We* 

k  ended 



Oi«- 

n» 

1896. 

MiLj 

%     . 
16  . 
30  . 

7 
36 
40 

S 
3 
32 
45 

? 

? 

•2012 

9 
7 
36 
40 

6 
3 
32 
46 

June 

6  . 

40 

92 

126 

277 

121 

219 

22 

^ 

309 

?1| 

13  . 

66 

158 

136 

394 

189 

236 

35 

426 

20  . 

71 

99 

194 

590 

214 

321 

38 

36 

J 

322t 

617 

1046 

27  . 

79 

194 

1941 

016 

214 

668 

35 

56i 

75 

120 

597 

2064J 

July 

*  . 

m 

300 

1571 

193 

2211 

020 

40 

156J 

49 

234 

536 

29031 

11  . 

67 

110 

197 

217 

905 

41 

126 

88 

354 

610 

2234 

18  . 

46 

51 

240 

552 

222 

770 

37 

67 

61 

122 

606 

1652 

25  . 

23 

14 

212 

471 

232 

753 

30 

40 

42 

119 

639 

1397 

Aug. 

1 

24 

7 

203 

426 

284 

426 

16 

18 

36 

108 

563 

984 

8  ; 

14 

61 

140 

710 

2761 

606 

19 

83 

39 

317 

488 

2666 

15  . 

17 

2a 

164 

416 

261 

491 

14 

31 

31 

88 

477 

1053 

22  . 

15 

149 

305 

2101 

166 

8 

3 

31 

97 

402 

1686 

S»  . 

^ 

10 

193 

674 

210 

429 

6 

1 

18 

46 

432 

1160 

Sept. 

5  . 

£ 

12. 

163 

318 

2781 

<m 

23 

127 

469 

1447 

12  . 

2 

143 

276 

238 

684 

: 

16 

60 

398 

1022 

19  . 

73 

125 

98 

294 

4 

22 

176 

441 

>• 

26  . 

22 

66 

490 

161 

246 

16 

27 

242 

785 

Oct. 

3  . 

16 

105 

731 

867 

193 

899 

20 

116 

302 

2986 

10  . 

14 

26 

61 

200 

178 

664 

10 

40 

263 

920 

17  . 

14 

16 

49 

fll 

169 

38L 

16 

38 

247 

496 

24  . 

10 

10 

102 

55 

12 

124 

66 

31  . 

4 

48 

329 

157 

416 

■ 

24 

60 

236 

809 

Nov. 

7  . 

45 

B3 

1641 

515 

18 

30 

227 

1698 

14  . 

40 

72 

158 

117 

198 

189 

21  . 

168 

427 

168 

427 

28  . 

14 

336 

134 

383 

■  1  ■ 

148 

718 

Dec. 

5  . 

1 

10 

26 

134 

128 

1 

144 

164 

19  . 

2 

1 

134 

100 

136 

101 

19  . 

10 

147 

122 

96 

132 

243 

26  . 

26 

198 

37 

63 

198 

1897. 

Jm. 

2  . 

9  . 
16  . 
23  . 
30  . 

Feb. 

6  . 
13  . 
20  . 
27  . 

12 

26 
18 



12 

88 
IB 
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B&Uan- 

Campbel 

laver- 

Oreen- 

Rothe- 

ttae. 

Week 

ended 

OlUI 

B-f 

c™ 

Boui 

C^ 

B»U 

□mu 

B<MtU 

Onia 

BoMi 

Ob™ 

1897. 

March 

6    . 
13    . 
20    . 
27    . 

U 

19 

18 

17 

eeo 
ue 

14 
19 
18 

17 
S60 
146 

AprU 

3    . 
10    . 
17    . 

May 

1     . 

8    . 
15    . 
22    . 
29    . 

»3« 

849* 

5    . 

17 

3? 

124 

139 

?4fl 

? 

t-22 

188 

379 

12    . 

!*rt 

72 

IfM 

80] 

13 

1 

266 

^ 

19    . 

n 

\vt^ 

A6 

J71 

Ih4 

;«l 

^ 

109 

333 

26    . 

15 

lU 

178 

556 

189 

5S3 

24 

50 

68 

456 

1190 

Julf 

3     . 

37 

IS* 

205? 

WB 

203 

719 

30 

llf 

39 

113 

514 

3043} 

10    . 

m 

1H7 

2201 

WH 

im 

779 

•••a 

m 

43 

l(W 

545 

273B 

17    . 

flft 

IWfi 

lf^)l 

?74 

2041 

:«r7 

35 

70 

ft4 

■m 

592 

3649 

24    . 

hM 

W4 

•fm 

■Wfr 

212 

849 

4ft 

9ft 

31     . 

»2 

108 

1871 

1137 

2262 

222 

28 

93i 

54 

109 

657 

4269i 

7     . 

43 

fi8 

mfii 

iM4 

233 

234!^ 

43 

144 

52 

99.9. 

577 

3820 

14     . 

13 

.^ 

127 

2Hf 

^204 

3i^ 

Wt 

42 

184 

512 

4306 

21     . 

13 

W) 

il7 

mw 

:«)7 

vm 

«ft 

26 

if. 

MO 

484 

3624 

28    . 

10 

17 

:t4i 

112 

309 

2216 

21 

21 

32 

103 

400 

3769 

4     . 

12 

35 

1371 

139 

309 

MHW 

10 

13 

35 

1«2 

503 

6448 

11     . 

12 

flfl 

1361 

«>4 

m 

ycii 

2 

4 

;« 

391 

492 

7899 

18    . 

12 

M 

W 

MtW 

m 

40*6 

B 

23 

175 

439 

4676 

25    . 

14 

41 

UH 

973 

298 

3622 

B     48 

45 

320 

461 

6001 

2    . 

971 

1)17 

2«fi 

■??m 

40 

60 

425 

3379 

13 

Sll 

R«1 

?4fi 

V4fi 

^487 

;« 

ftii 

;t77 

4341 

16    . 

13 

« 

ft( 

W4 

im 

;i2o 

Wl 

51 

267 

1013 

23    . 

14 

11 

7K1 

i:if> 

184 

1388 

^fi 

59 

301 

2693 

30    . 

11 

3 

18 

162 

221 

2121 

26 

68 

276 

2344 

Nnv. 

6    . 

m 

164 

241 

1115 

16 

37 

267 

1316 

13    . 

i 

79 

24;- 

886 

6 

5 

267 

970 

20     . 

fti 

WW 

27t 

813 

13 

no 

347 

1289 

27     . 

54 

328 

270 

JMU 

15 

170 

339 

3447 

Dec, 

4    . 
11    . 

Ifi 

2 

270 
ft 

2(H5 
70 

6 

13 

292 
6 

2069 
70 

18    . 

f 

56 

217 

1728 

225 

1781 

25     . 

U 

6 

227 

1320 

243 

1326 

31    . 

107 

400 

107 

400 

*  FloD  1ft  JmaoMj. 
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B»llan- 

Csmpbel 

Inver- 

Green- 

Rothe- 

T"t«i 

trae. 

«r»y. 

ock. 

MJ. 

We 

ak  ended 

1 

CtM. 

imw 

run 

BcHtijOmi 

1898. 

Spring  Fishing 

J 

30 

1 

ei6» 

) 

»736 

June 

4     . 

42 

xu 

100 

578 

123 

95 

265 

784 

11     . 

41 

126 

109 

968 

181 

660 

i 

•44 

? 

*■»* 

391 

1644 

18    . 

48 

86 

1861 

044 

184 

854 

24 

7 

34 

133 

476 

2124 

25    . 

58 

240 

1861 

799 

192 

971 

24 

3 

36 

88i 

496 

3103) 

J«ly 

2    . 

51 

302 

1722 

832 

196 

1782 

24 

11 

36 

1121 

479 

4239i 

9     . 

44 

181 

1722 

193 

296 

2047 

12 

24 

25 

86 

449 

4600 

16     . 

55 

82 

173 

738  ^204 

1976 

14 

72 

47 

288 

493 

3156 

23    . 

63 

24 

1991 

471  :240 

3960 

14 

4 

48  1113 

554 

6572 

30    . 

50 

37 

162 

566 

235 

3663 

22 

44 

42  '172 

511 

4471 

Aug, 

6    . 

20 

9 

126 

271 

298 

1880 

8 

0 

42  1146 

493 

2316 

13     . 

47 

110 

6 

307 

2374 

J9 

32 

37   107 

473 

2665 

20    . 

31 

90 

639 

400 

2001 

13 

43 

103 

546 

2796 

27     . 

3 

86 

B66 

350 

2640 

1 

40 

122 

483 

3643 

Sept. 

3    . 

1 

98 

490 

310 

754 

7 

26 

32 

441 

1278 

10    . 

« 

30^959 

156 

1296 

3 

31 

108 

496 

2373 

17     . 

309'229 

188 

1697 

25 

50 

522 

1976 

24    . 

116 

927 

210 

1414 

16 

38 

342 

2379 

Oct. 

1     . 

80 

166 

233 

539 

1 

24 

75 

338 

784 

6    . 

40 

162 

212 

1487 

17 

28 

269 

1677 

15     . 

57 

108 

236 

1213 

15 

31 

307 

1361 

22     . 

36 

89 

264 

301 

15 

34 

304 

424 

29    . 

30 

28 

240 

481 

12 

6 

282 

616 

Nov. 

5    . 

10 

4 

233 

659 

23 

24 

266 

687 

12    . 

50 

556 

220 

883 

20 

150 

290 

1689 

19    . 

150 

458 

120 

510 

48 

291 

1016 

26    . 

1541 

098 

179 

1725 

333 

2823 

Dec. 

3    . 

ISOl 

262 

91 

1383 

211 

2646 

10    . 

80 

576 

91 

843 

171 

1419 

17    . 

901 

342 

a29 

219 

1342 

24    . 

961 

131 

92 

98 

188 

1229 

31     . 

. 

36 

278 

36 

278 

1899. 

"Winter." 

1247 

? 

200 

? 

1447 

1st  to  6th  May. 

15 

! 

15 

May 

13    . 
20    . 
27    . 

23 
36 

38 

58 
34 

•»1W 

r 

23 
35 

38 
58 
34 

Juna 

3    . 

39 

66 

72 

209 

111 

275 

10    . 

41 

77 

941 

066 

166 

678 

300 

1821 

17    . 

61 

117 

12S1 

212 

170 

526 

16 

273* 

363 

1859 

24    . 

m 

69 

160 

682 

179 

423 

20 

5 

39 

67 

444 

1136 

July 

1     . 

56 

71 

1661 

190 

188 

1386 

18 

8i 

30 

62 

467 

2717i 

8     . 

48 

71 

601 

254    IW 

1832 

14 

n 

;i9 

05 

451 

3273 

15     . 

36 

To 

2ni9,'*3  'tw  [-i^m 

10 

14 

20 

19 

382 

4496 

22     . 

16 

i2U:t;i4!>;;  H'T  '-'n<»i 

3 

24 

20 

416 

4298 

2fl     . 

30 

7ri:'-,i:iii  L'iKi  ii7r.i) 

12 

6 

27 

67 

446 

3a08i 

*  From  IM  January. 
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TuuXXn. 

Bhowing 

Ou) 

Weekly  Catch  of  HerriiiKi 

in  the  Firth  of  Clyde 

DiatrictB  from  18M-ig06-c<mt>m^ 

Bollan- 

Campbel- 

Inver- 

Green- 

Rothe- 

tne. 

town. 

aray. 

ock. 

say. 

Week 

ended 

B«ta 

Onni 

BoU* 

c™ 

BoiiU 

o™ 

BoU> 

CnnaBuu 

Dnni 

B«U 

c™ 

1899. 

Aug. 

6    . 

33 

68 

1782 

703 

200 

2360 

21 

36i 

24 

189 

466 

53551 

12    . 

24 

154 

1781 

581 

200 

3320 

22 

78 

27 

164 

451 

6097 

19    . 

66 

109 

1781 

601 

260 

1796 

29 

89 

34 

160 

657 

3754 

M 

26    . 

13 

64 

72 

90 

260 

934 

25 

39 

19 

132 

388 

1201i 

Sept. 

2    . 

32 

11 

197 

1164 

110 

1164 

d 

7i 

26 

175 

373 

26211 

9    . 

10 

3 

198 

902 

110 

679 

13 

d  21 

145 

352 

16351 

16    . 

11 

8 

255 

3767 

92 

629 

7 

21  26 

184 

390 

am 

23    . 

13 

60 

137 

865 

13 

329 

13 

59 

16 

33 

191 

1326 

30    . 

13 

59 

125 

611 

190 

1462 

6 

2 

20 

68 

363 

Oct. 

7     . 

Jfl 

87 

94 

112 

V? 

740 

3 

1 

16 

77 

226 

1017 

14     . 

17 

24 

105 

1376 

160 

132 

13 

111 

295 

1643 

21     . 

18 

17 

193 

360 

26 

287 

236 

664 

28    . 

16 

10 

193 

469 

30 

553 

239 

1022 

Nov. 

4     - 

14 

Si 

230 

1079 

25 

8 

269 

1169 

11     . 

16 

62 

230 

446 

16 

26 

261 

633 

18     . 

16 

20 

«i 

218 

230 

437 

24 

242 

329 

917 

25    . 

4 

1 

78 

1967 

230 

1346 

20 

182 

332 

3486 

D«c. 

2     . 
9    . 
16    . 

70 

64i 

230 
220 
200 

491 
644 
1809 

300 
220 
200 

1033 
644 
1809 

23    . 

50 

13 

110 

134 

170 

147 

30    . 

60 

178 

60 

178 

1-31    . 

1 

190 

? 

190 

1900. 

■'  Winter." 

1 

0 

? 

9 

Feb. 

17    - 

2i     . 

57 

93 
366 

20 
67 

93 
366 

March 

3     , 
10     . 

64 
68 

762 
2912 

64 
68 

762 
2912 

M«y 

S6     . 

7 

18 

•>eM 

( 

♦13 

7. 

18 

JuDe 

2     . 

41 

88 

120 

373 

160 

124 

321 

586 

n   . 

37 

i« 

158 

979 

170 

604 

366 

1679 

iti   . 

40 

201 

130 

401 

176 

417 

18 

26 

? 

104* 

363 

1045 

23     . 

63 

144 

140 

1360 

180 

967 

19 

28 

23 

36 

415 

2537 

30     . 

65 

126 

168 

1184 

190 

Iftl^o 

23 

24 

24 

68 

460 

3037 

July 

- 

41 

74 

168 

173- 

190 

1239 

18 

3i 

do 

85 

437 

31381 

!■>     . 

33 

65 

140 

1371 

188 

1467 

6 

6 

22 

68 

388 

2957 

il     . 

22 

70 

130 

2067 

196 

3633 

8 

19 

20 

106 

376 

5886 

28    . 

38 

71 

128 

179- 

210 

U94 

4 

3 

33 

fl6 

413 

3131 

Aug. 

4    . 

28 

43 

130 

189S 

210 

411 

6 

16 

17 

71 

390 

S43S 

11     . 

26 

186 

200 

3981 

150 

:f57 

8 

A 

26 

97 

400 

4627 

18     . 

io 

«8 

200 

1810 

180 

1635 

8 

6 

22 

9d 

430 

3823 

26     . 

8 

11 

104 

1764 

220 

2480 

1 

22 

101 

354 

4366 
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Bdllan- 

Campbel 

Inver- 

Green- 

Rothe- 

T"*»i 

trae. 

town. 

aray. 

ock. 

say. 

Week 

ended 

^ 

B^ 

^» 

Boul* 

1900. 

Sept. 

1  . 

6 

6 

160 

1903 

180 

440 

19 

107 

366 

3468 

8  . 

6 

S 

200 

1806 

160 

1187 

4 

22 

24 

130 

384 

3147 

16  . 

11 

34 

190 

2502 

140 

511 

3 

24 

123 

3177 

33  . 

190 

1966 

190 

673 

2 

23 

56 

405 

2688 

\\ 

29  . 

190 

2632 

140 

1127 

30 

100 

360 

4159 

Oct. 

6  . 

11 

31 

170 

2574 

160 

476 

18 

63 

359 

3143 

IS  . 

6 

3 

120 

70 

130 

233 

2 

k 

268 

309i 

90  . 

13 

9 

180 

890 

160 

762 

18 

351 

1679 

". 

27  . 

140 

667 

170 

67 

310 

634 

Nov. 

3  . 

104 

27 

170 

916 

274 

943 

10  . 

100 

64 

200 

34 

300 

88 

17  . 

90 

405 

190 

166 

280 

561 

>. 

24  . 

90 

114 

180 

626 

270 

639 

Dec. 

1  . 

13 

11 

90 

170 

50 

273 

61 

8  . 

84 

342 

!00 

1399 

284 

1741 

15  . 

ISO 

150 

22  . 

120 

33 

120 

33 

SS  . 

"  1901. 

"  Winter  " 

! 

12i 

' 

I2i 

Feb. 

9  . 
16  . 
23  . 

52 
70 
116 

100 
1641 

2107 

33 

70 
116 

100 
1641 
2107 

March 

2  . 

9  . 
16  . 
23  . 
30  . 

118 
49 
68 
31 

1804 
159 

3205 
379 

118 
49 
66 
31 

1801 
159 

3206 
379 

May 

11  . 
18  . 

9 

18 

20 

87 

■? 

»i6o 

■ 

9 
IB 

20 

27 

25  . 

19 

41 

140 

38 

159 

79 

June 

1  . 

26 

22 

, 

•11095 

150 

184 

175 

206 

8  . 

35 

312 

150 

982 

176  ,  462 

360 

1766 

16  . 

31 

32 

170 

595 

175 

195 

10 

- 

396 

826 

2S  . 

44 

36 

176 

1237 

175 

311 

18 

1 

) 

281* 

412 

1591i 
3063J 

29  . 

40 

117 

180 

907 

186 

1068 

18 

11 

67 

434 

Julj 

6  . 

64 

127 

160 

1243 

200 

1987 

18 

26 

2£ 

116 

464 

3498 

13  . 

39 

69 

160 

705 

2O0 

1279 

7 

12 

16 

109 

422 

2174 

20  . 

18 

53 

160 

1709 

200 

ia38 

10 

11 

34 

141 

413 

296j 

27  . 

14 

14 

130 

2604 

200 

1664 

13 

78 

S3 

m 

379 

4601 

Aug. 

3  . 

30 

18 

140 

867 

200 

1400 

11 

16 

27 

102 

391 

2403 

10  . 

20 

36 

200 

1333 

190 

2087 

11 

9 

23 

128 

444 

3693 

17  . 

25 

63 

150 

1959 

180 

1459 

14 

15 

22 

121 

391 

3617 

24  . 

i 

4 

210 

3162 

200 

2623 

14 

25 

26 

225 

453 

6039 

31  . 

80 

327 

240 

921 

4 

fl 

10 

60 

334 

1307 

*  rrom  lit  Jonnaiy. 
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Table  XXn 

showing  the  Weekly  Cabeh  o 

Herrings 

in  the  Firth  of  CTyde 

DiBtrictB  from  1864.1906 

—amiinued. 

BoUad- 

(.lampbel 

Inver- 

Green- 

Rothe- 

Week 

eadod 

ttae. 

town. 

aray. 

ock. 

say. 

B«u 

c». 

DoaU 

c™„ 

BO.. 

c«.. 

BuJcru 

B^ 

Cni>i 

B«U 

Cnni 

1901. 

Sept. 

7     . 

8 

6 

90 

1032 

240 

2306 

3 

7 

149 

359 

3600 

14     . 

10 

16 

140 

563 

^40 

3541 

4 

10 

410 

4220 

SI     . 

s 

10 

100 

669 

no 

7^9 

334 

1421 

ss    . 

s 

12 

170 

977 

180 

601 

3 

3 

377 

1620 

Oct. 

5     . 

130 

864 

170 

666 

3 

i 

313 

1569 

12     . 

150 

17 

150 

369 

304 

393 

10    , 

100 

13 

130 

141 

230 

154 

", 

26    . 

90 

120 

60 

210 

50 

Nov. 

2     . 
9    . 

120 
130 

140 
34 

120 
130 

140 
34 

Ifl    . 

60 

56 

90 

346 

140 

400 

23    . 

50 

107 

140 

875 

190 

383 

30    . 

98 

919 

180 

89 

278 

1008 

Deo. 

7  ■ 

110 

1396 

150 

94 

260 

1490 

14  ; 

116 

326 

160 

16 

266 

341 

21     . 

90 

124 

160 

1649 

240 

1773 

28    . 

70 

560 

120  1  358 

190 

918 

1902. 

Winter 

1 

3881 

! 

3681 

Jan. 

11    . 
18    . 
35    . 

10 
OS 

14 
691 
1064 

10 
46 
92 

14 
591 
1064 

Feb. 

1     . 
8    . 
16     . 

22     , 

100 
105 
97 

97 

781 
389 
831 
549 

■ 

100 
105 
97 
97 

781 
389 
831 
649 

March 

1     . 

8     . 
16     . 
22     . 
29     . 

108 

108 
90 

1303 

130! 

14 

108 
108 
90 

1303 

1302 

14 

May 

3     . 
10     . 
17     . 
a*    . 
31    . 

8 

je 

30 

28 
18 
18 
81 

'  8 
9 
16 
30 

28 
18 
18 
81 

June 

7    . 

S6 

131 

210 

991 

150 

124 

396 

1346 

14     . 

S6 

130 

150 

1692160 

154 

346 

1976 

21     . 

10 

4 

I  JO 

1384170 

210 

350 

1698 

28    . 

25 

60 

180 

828180 

363 

68 

403 

1309 

July 

6    . 

35 

162 

180 

2513190 

1212 

104 

424 

3981 

12     . 

.10 

6^ 

180 

1939 190 

350 

fi 

31 

71 

420 

2453 

19     . 

33 

77 

170 

2676  205 

1737 

10 

7 

92 

433 

4489 

26    . 

34 

83 

140 

2387  220 

798 

15 

18 

89 

1*9 

438 

3436 
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Week  ended 

Balkn- 
trae. 

Cumpbei 

Inver- 
aray. 

Green- 
ock. 

Eothe- 

Total. 

B»U 

Onm. 

^ 

Otuu 

Bona 

oi™. 

Bo»U 

Omi)B«U 

.™ 

B«>t« 

Crini 

1902. 

*?■     I  : 

16  . 

30  . 

Sept.            6     . 

13    . 
20    . 

27     . 

Oct.            4    . 
11    . 
18     . 
25     . 

Mo».           1    . 
8    . 
15    . 

22  . 

29  . 

Dec.            6    . 

13  . 

20  . 

27  . 
„       27-31    . 

1903. 
"  Winter  " 

Jan.             3     . 
„             10     . 

17  . 

„            24    . 

31  . 

Feb.             7     . 

14  . 

21  . 

28  . 

March        7     . 
14     . 
SI     . 

„             28     . 

Mav            9    . 
10    ■ 

23  . 

30  . 

June            6     . 
13     . 
20     . 
37     . 

46 

27 
21! 

6 
18 

SO 

39 

20 

26 
28 
40 
b 

8 
30 

2 

7 
18 
26 

17 
23 

37 

02 
32 
43 
12 

20 

130 
83 

271 
4« 

4B 
94 

IS 

17 

:) 

6 
60 

27 

30 
49 
71 

190 

190 
210 
210 

220 
220 

210 
190 
60 
100 

90 
20 

40 

30 

10 

2 

2 

2 

60 

70 

too 

70 

60 

50 

2665 
2933 

3494 
2023 
3277 

1743 

2268 

70 

203 

8 

10ft 
26 

1 

3 

287 

824 

4430 

623 

575 

1036 

200 
190 
180 

190 
190 

200 
220 

220 
220 

210 
HO 
110 
170 

120 
140 
120 
160 
160 

160 
160 
150 

140 
120 

) 

60 

60 
80 
190 

2276 
1163 
2033 
763 
1693 

1382 
1697 

720 
402 

820 
1196 

204 
868 

961 
1109 
617 
493 
394 

234 
f83 
1304 
408 
461 

12 

63 
266 

244 
292 

14 
14 
IS 
16 

6 

6 
3 

120 
140 

10 

: 

42 
23 
23 
24 
17 

11 

I 

113 

1064 
204 

28 

32 

42 

34 
26 
36 

14 
24 

8 
8 

H 

SO 
90 
00 

87 
148 
142 
216 

195 
226 
104 
112 

65 

L57 
12 

66 

40 

9 

208 
184 
157 
67 
162 

67 
120 
24 
23 

65 
500 
870 

500 

780 
2808 

718 
3599 
5219 

3467 
2883 

1727 
1070 

961 
1938 
2630 

412 

1190 

144 
21 

485 
483 
462 
456 

471 

430 
434 
291 

328 

311 
340 
340 
310 

218 
237 
268 
304 
376 

357 

378 
254 
312 
190 

1 

56 

177 
150 
101 
76 

68 
28 
40 
5 

8 
30 

2 
7 
18 
25 

.367 
343 
397 

387 

5183 
4335 
5748 
2889 
5169 

3193 
4075 
816 
435 

875 
2012 
2138 

1670 

1867 
3942 
1235 
4097 
6613 

3703 
3169 
3031 
1763 
1286 

4470 

961 
2068 
2713 

083 
1236 

189 
94 
26 
12 

17 
8 

3 
6 
60 
27 

716 
890 
1261 
1639 

or  the  Fithery  Board  for  Scotland. 


Table  XXU 

.•bowing 

the 

Weekly  Catch  of  Heninin  in  the  Fixth  of  ayde 

Districta  from  1854.190ft— wmtimwd. 

Ballan- 

Campbel 

Inver- 

Green- 

Bothe 

T^f' 

trae. 

aray. 

ock. 

say. 

Week 

ended 

o«. 

.... 

Cnuis 

BMt 

c™.. 

BwU 

Cnn 

B^ 

M    Doau 

Cron* 

1903. 

July 

4     . 

36 

299 

150 

962 

190 

786 

2 

7 

14 

54     392 

2107 

11     . 

40 

288 

146 

2043 

186 

2347 

6 

70 

16 

39     393 

4807 

18    . 

40 

242 

160 

1573 

196 

2376 

fl 

32 

22 

81     416 

4283 

25    . 

38 

94 

156 

2302 

186 

1946 

14 

87 

28 

1 

32     421 

4561 

Aug. 

1     . 

2d 

39 

160 

2208 

195 

1860 

14 

60 

27 

1 

37     426 

4264 

8    . 

170 

1815 

190 

1053 

13 

25 

20 

1 

14     393 

3007 

15     , 

2 

2 

180 

2967 

ISO 

407 

11 

12 

16 

1 

8     399 

3496 

22     . 

1 

185 

2844 

185 

682 

17 

-1     388 

3604 

29    . 

3 

5 

195 

2181 

180 

336 

3 

i 

19 

18     400 

2570 

Sept. 

5     . 

31 

27 

190 

608 

185 

1458 

39 

21 

B6     446 

2379 

12    . 

12 

e 

96 

86260 

1153 

3 

2 

99 

6. 

30     460 

1877 

19     . 

1 

4 

75 

.  l240 

2221 

102 

141 

i2     418 

3707 

26     . 

60 

.|240 

1679 

4 

S 

160 

9^ 

29     464 

2616 

Oct. 

3    . 
10    . 

21 

20 

ft 
20 

'.  !l50 

609 
123 

6 

J5     272 
170 

664 
123 

17    . 

10 

.    130 

515 

64 

6- 

18     204 

1163 

24    . 

6 

170 

30 

321 

1& 

19     497 

1679 

31     . 

4 

140 

62 

6 

2     196 

612 

Nov. 

7     . 
14     . 
21     . 

10 
12 
10 

150 
130 
90 

48 

144 
126 

130 

0( 
3 

7 

J5      304 
2     268 
7     230 

1013 
312 

767 

28    , 

60 

272 

IBO 

63 

113 

6 

3     323 

1008 

Doc. 

5     . 

80 

902 

140 

95 

8) 

W     316 

1783 

12    . 

84 

142 

140 

22 

134 

m 

W     358 

2771 

19     . 

'.  '  80 

261 

150 

4 

16U 

■Ml 

iG     390 

3721 

2fl     . 

.     86 

864 

160 

616 

108 

33 

1      364 

4791 

''      26-31     . 

24 

132 

160 

61 

6^ 

t3      245 

776    . 

1904. 

Winter 

I 

B872 

I 

16 

1 

18 

284 

13       ? 

8749 

Jm. 

2    . 
9     . 
16     . 

'l 

6 

i 

'5 

23    . 

21 

24 

21 

24 

30    . 

25 

«3 

25 

63 

Feb. 

6    . 

13     . 
id     . 
27     . 

24 
30 
49 
33 

67 
43 
307 
44 

24 
30 
49 
33 

67 
43 
307 
44 

March 

5     . 
12    . 
19     . 

2B    . 

23 
17 
23 

23 
106 
194 

23 
17 
23 

23 
106 
194 

April 

2    . 

9    . 
16    . 
23    . 

" 

30    . 

'l 

*53 

Part  III.^TioetUy-fifth  Annual  Report 


ailUn- 

Campbel 

Inver- 

Green - 

Rothe- 

T.-itjil 

tnui. 

town. 

sray. 

ook. 

say. 

Week 

ended 

Z. 

c™ 

B«l 

c™ 

Diui 

But! 

B»U 

c™ 

190*. 

M.y 

7     . 
14    . 
£1    . 
28    . 

66 
70 
90 
120 

17 

8 

63 

164 

65 
70 
90 
120 

IT 

S 

63 

164 

Juno 

4    . 

13 

d 

120 

664 

ISO 

156 

293 

728 

11     . 

21 

46 

123 

271'180 

247 

324 

564 

18    . 

27 

:» 

104 

143!li» 

381 

321 

562 

25     . 

30 

17 

104 

402200 

644 

3S4 

1063 

July 

2     . 

30 

13 

114 

170 

200 

380 

1 

38 

344 

601 

9     . 

36 

3S 

140 

363 

406 

2 

2 

16 

46 

393 

855 

16     . 

35 

46 

140 

190 

789 

0 

9 

17 

48 

401 

1084 

23    . 

41 

41 

140 

1075 

13 

16 

18 

63 

412 

2167 

30    . 

32 

in 

130 

403J180 

742 

18 

31 

22 

67 

382 

1344 

Aug. 

6    . 

28 

i& 

140 

619 

190 

402 

14 

8 

39 

249 

411 

1293 

13    . 

17 

21 

170 

531 

186 

604 

15 

14 

20 

68 

407 

1228 

20    . 

9 

27 

180 

176 

465 

11 

6 

12 

30 

387 

877 

27    . 

IB 

15 

190 

' 

170 

413 

8 

2 

» 

29 

393 

731 

Sept. 

3    . 

14 

1(1 

180 

246 

160 

206 

8 

4 

94 

B50 

456 

1321 

10    . 

170 

160 

4 

8 

ft9 

316 

427 

469 

17     . 

4 

leo 

379 

130 

46 

3 

i 

5 

1 

302 

430 

„ 

24    . 

5 

120 

26 

80 

260 

4 

i 

141 

709 

350 

1014 

Oct. 

1     . 

70 

79 

190 

42 

6 

8 

170 

698 

436 

827 

8    . 

60 

160 

172 

225 

372 

276 

15    . 

so 

130 

180 

103 

22    . 

m 

130 

'l 

20 

6 

210 

53 

„ 

29    . 

10 

34 

ao 

12 

6 

106 

43 

Nov. 

5    . 

10 

4 

3 

14 

3 

12    . 

6 

60 

9 

12 

75 

IS 

" 

19    . 

« 

110 

26 

23 

141 

S3 

2 

2 

50 

S 

10 

60 

12 

Dec. 

3    . 

2 

2 

160 

12 

71 

484 

333 

498 

10     . 

8 

130 

46 

82 

12 

220 

58 

17    . 

10 

140 

24 

60 

174 

60 

24    . 

80 

377 

160 

160 

90 

267 

330 

794 

31     . 

80 

306 

160 

16 

32 

139 

272 

461 

1905. 

Winter 

•1 

46 

1 

■5S8t 

i 

+668 

1 

79 

1 

206 

( 

843 

M»y 

6     . 
13    , 
SO    . 
27    . 

58J 

flO 

110 
120 
130 

134 
360 
398 

78 

60 
110 
120 
130 

134 
360 
398 
78 

June 

3     . 

26 

143 

100 

258 

130 

a 

266 

409 

10     . 

24 

61 

130 

1044 

100 

114 

254 

1209 

17    . 

17 

IS 

110 

535 

40 

10 

267 

557 

24    . 

32 

77 

116 

709 

160 

192 

? 

m 

308 

978 

of  tht  Fishery  Board  for  Scotland. 


T»M,ii\XIT, 

Bhowing 

bfae  Weekly  C»tcli  of  Herrings 

in  the  Firth  of  Clyde 

Ballan- 

Campbel- 

Inyer- 

Green- 

Rothe- 

Week 

nded 

trae. 

^  town. 

arny. 

say. 

BMC. 

Crui 

BoiU 

Cnui. 

B«W 

°- 

Bo... 

Crui 

B«U 

CrMUi 

Boita 

Cttuil 

1906. 

July 

I     . 

47 

77 

118 

•Mt 

171) 

1«H 

10 

4tt 

346 

646 

8     . 

Vti 

128 

170 

\m 

IWt 

90 

7 

f 

10 

3« 

373 

1505 

16     . 

w 

i:m 

11^5 

1«H 

(I 

16 

IVK 

379 

1831 

22     . 

.11 

77 

IMI 

140 

90 

3 

1 

16 

67 

370 

2295 

29     . 

31 

61 

220 

3038 

100 

72 

8 

23 

17 

62 

376 

3256 

Aug. 

5     . 

29 

fifi 

260 

.n. 

40 

m 

4 

2 

23 

79 

366 

1963 

12     . 

32  117 

300  ll717 

«l 

48 

ID 

1 

17 

m 

409 

1894 

19     . 

24  !112 

?r)0 

i^iii; 

lOO 

96 

K 

If. 

113 

32 

493 

1478 

26     . 

3i 

94 

aoo 

348 

120 

108 

8 

22 

b 

26 

366 

698 

Sept, 

2     , 

Aft 

?42 

*rt 

IIB 

flO 

4(1 

in 

269 

9 

11 

151 

678 

9     . 

15 

«7 

10 

5 

90 

31 

9 

4U 

3 

222 

127 

763 

16    . 

9 

n 

>MI 

io 

:w 

4 

147 

103 

502 

23     . 

Kt 

Wl 

12 

1 

flO 

Ift4 

10 

;* 

95 

S21 

„ 

30    . 

9 

4 

16 

70 

8 

128 

742 

f 

Hi 

222 

776 

Oct. 

7     . 

Wl 

m 

1P4 

fiO 

34 

150 

168 

14    , 

W) 

tm 

Ifi3 

;io 

Hi 

a 

(i« 

165 

336 

21     . 

4(1 

2 

izo 

;«) 

Wi 

\m 

20 

246 

1418 

28     . 

■ 

20 

30 

80 

21 

90 

&18 

4! 

88 

196 

667 

Not. 

4    . 

W> 

flO 

91 

flO 

1 

191 

243 

11    . 

1(1 

«t 

IIHI 

20 

' 

110 

102 

18    . 

n 

V 

90 

4 

98 

44 

25    . 

30 

B4 

70 

36 

e 

45 

106 

146 

Dec. 

2     . 
9    . 

30 

ft 

34 

17 

80 

no 

268 

9 

25 

119 

118 

317 
17 

16    . 

ail 

07 

MM) 

K«ti 

. 

fi 

30 

135 

963 

23    . 

20 

11 

90 

K 

15 

118 

73 

30    . 

tiO 

60 

IBOfl. 

Winter 

1 

1 

687 

? 

67 

) 

768 

Feb. 

3    . 
10    . 
17     . 
24    . 

34 
14 
22 
10 

147 
14 
9 
13 

: 

34 
14 
22 
10 

147 
14 
9 
13 

March 

3    . 

10    . 
17     . 
24     . 
81     . 

li 

9 
24 

08 

44 
£47 

U 
9 

98 

44 

247 

April 

7     . 

14      . 
21     . 

28     . 

i 

♦220 

■ 

Maj 

5     . 
12     . 
19    . 
S6    . 

40 
70 
100 
120 

44 

86 
74 
188 

40 
70 
100 
120 

44 
86 
74 
188 

Part  III. — Twenty-fifth  Annual  Export 


Ballan' 

Camphel 

Inver- 

Green- 

Rothe- 

TntAl 

We. 

k  ended 

trae. 

town. 

aray. 

ock. 

B»J. 

BaaU 

Cnm. 

Bc»U 

DtM 

BO.W 

Cnun 

BotM 

SoiU 

o™ 

Bonta 

Cnu 

1906. 

June 

2    . 

! 

»75 

120 

130 

? 

106S 

120 

130 

9    . 

23 

60 

100 

472 

80 

224 

203 

746 

16    . 

39 

109 

1201 

261 

120 

252 

6 

286 

1654 

23    . 

31 

15 

1301 

139 

120 

42 

6 

60 

287 

1246 

30    . 

40 

fil 

136 

520 

120 

188 

10 

61 

306 

850 

July 

7    . 

34 

158 

134 

700 

130 

359 

6 

25 

10 

101 

314 

1343 

14     . 

47 

i51 

160 

673 

130 

3m 

12 

75 

19 

89 

368 

1420 

21     . 

19 

17 

160 

659 

120 

33 

7 

8 

153 

334 

870 

28     . 

36 

127 

1801 

454 

120 

298 

11 

33 

21 

73 

367 

1985 

Aug. 

4     . 

3^ 

156 

220 

176 

110 

» 

12 

79 

27 

56 

402 

648 

11     . 

36 

108 

220 

207 

90 

179 

J3 

109 

34 

184 

393 

787 

18     . 

19 

109 

80 

50 

60 

16 

19 

254 

101 

567 

279 

996 

S5    . 

27 

21 

30 

12 

40 

6 

18 

414 

200 

435 

315 

887 

Sept. 

1    . 

27 

237 

20 

97 

20 

3 

18 

448 

1981 

513 

283 

2296 

8    . 

6 

12 

10 

1 

12 

192 

204 

948 

232 

1153 

15    . 

26 

197 

20 

47 

13 

206 

169 

547 

227 

997 

22     . 

26 

34 

'8 

i 

50 

284 

17 

519 

2282 

247 

329 

3085 

29     . 

11 

17 

20 

78 

80 

36T 

20 

713 

2362 

328 

367 

3603 

Oct. 

6    . 

10 

5 

140 

1230 

11 

258 

S41686 

402 

2179 

13    . 

160 

252 

8 

20 

2623 

218 

420 

3490 

SO    . 

150 

2 

260 

400 

2 

27     . 

2 

3 

173 

260 

266 

173 

Not. 

3    . 

21 

69 

10 

4 

38 

7 

16 

42 

123 

10    . 

29 

454 

30 

366 

9 

65 

5 

22 

73 

796 

17    . 

42 

266 

8 

56 

417 

5 

25 

HI 

708 

24    . 

40 

612 

8 

68 

641 

106 

1253 

Dec. 

1     . 

521 

163 

4 

164 

863 

2 

9 

222 

2025 

8    . 

681 

768 

139 

377 

5 

15 

220 

2160 

15     . 

1251 

499 

4 

i 

62 

676 

6'  36 

187 

2115 

22     . 

12« 

911 

39 

168 

12.  62 

175 

5141 

29     . 

702 

017 

4 

50 

_ 

68 

518 

18  84 

I 

150 

2669 

J  From  lat  Janikary. 


of  tke  Fishery  Board  for  Scotland. 


Table  XXIII. — Weekly  Retuma  of  Boats  Fiahing  and  Herrings  Landed 
ill  Jnveraray  and  Campbeltown  Districts,  1854-1906. 


Week  ended 

Boats. 

Crwj» 

Weekended 

BoaU. 

CranB 

Week  ended 

UobU. 

Cmru. 

1854. 

1855. 

1857. 

July     1 

400 

800 

Dec.     1       ... 

230 

430 

Sept.   5      ... 

000 

1000 

..      8 

45U 

700 

„      8      ... 

200 

250 

..     12       ... 

540 

600 

„     15 

460 

1000 

„     15      ... 

180 

296 

„     19      ... 

540 

400 

..    22 

465 

lOflO 

„     23      ... 

„    26      ,„ 

500 

600 

„     29 

400 

1500 

„     29      ... 

"so 

324 

Oct.     3      ... 

450 

700 

Aug.    5 

500 

700 

1856. 

June  21       ... 

„     28       ... 

„     10      ... 

400 

800 

,.     12 

550 

800 

280 
320 

690 
650 

,.    17      ... 

400 

1200 

„     IB 

540 

1500 

„     24        ... 

400 

700 

„    28 

540 

2000 

„    31       ... 

400 

400 

Sept,   2 
,.      0 
..     18 
„     23 

540 
330 

800 

,.     19       ... 
„     26      ... 

400 
420 
420 
460 

I46S 

2106 
1500 
2710 

Nov.    7       ... 
„    u      ... 
,.    21       ... 

900 
100 

IWO 
200 

„     30 

Oct.     7 
M      H 

,.    21 
„     28 

300 

2400 

„     16      ... 
..     23       ... 

,.    30      ... 

600 
500 
560 
5S0 
580 

3000 
3600 
3300 
3000 
1600 

"l858. 
July    3       ... 

„      10       ... 

,.    17      ... 
,.    24      ... 
„    31      ... 

300 
460 

460 
480 
480 

400 
600 
450 

noo 

2050 

Nov.    i 

',',     18 
M     23 

150 
140 

500 
1100 

r.S   ::: 

,.    20      ... 

„    27       ... 

670 
670 

500 
480 

2200 
31100 
1500 
1500 

":M  ;;; 

„     21        ... 

„    28      ... 

450 
180 
480 
480 

1200 
1400 
1.500 
960 

Dec.    2 

1856. 

SO 

600 

Oct.     4      ... 
„     11       ... 
„     18       ... 
„     26      ... 

440 
440 

1000 
1300 

Sept.   4       ... 

620 

1000 
1950 

Juoe23 

340 

830 

','.  18    : 

500 

8O0 

„     30 

390 

U73 

„     25      ... 

500 

900 

^:m 

423 

20t>5 

1674 

Nov.    1       ... 
,.      8       ... 
„     15      ... 
„    22      ... 
„     29      ... 

400 
400 

4200 
2360 

Oct.     2      ... 
„      9       ,„ 

400 
400 

800 
300 

„    21 

„    28 

380 
425 

l.i75 
707 

260 
160 

240 
150 

.,     16      ... 
„     23      ... 
„     30      ... 

400 
500 
600 

1030 

720 
950 

Aug.  ^4 

480 
600 

1650 
2000 

Dec.     6      ... 
„     13 
„     20      ... 
.,     27       ... 

100 

70 
80 
40 

270 
160 
160 
70 

Not.    a      ... 

GOO 

1100 

".     18 

500 

3000 

„     13      ... 

300 

600 

„    25 

Q» 

1800 

.,     20      ... 

„    27      ... 

300 
300 

350 
400 

Sept.    1 

5J0 

2200 

M            « 

o20 

1000 

1857. 

Dec.     4      ... 

250 

450 

„         Ifl 

400 

200 

June  20      ... 

200 

84 

200 

300 

300 

200 

„     27      ... 

280 

800 

„     18      ... 

100 

550 

,.     29 

400 

600 

„     25      ... 

100 

100 

July    4      ... 

275 

1060 

..     31       ... 

100 

1000 

Oct.     6 

300 

600 

„     11       ... 

480 

1380 

1859. 

,.     13 

300 

800 

„     18      ,,. 

480 

1410 

Juno  18      ... 

220 

ise 

„     20 

300 

2500 

„     25      ... 

480 

1950 

>,     26       ... 

290 

190 

„    27 

260 

380 

Aug.    1       ... 

500 

3000 

July    2       .. 

300 

450 

Nov.    3 

280 

WO 

M       8       ... 

530 

800 

600 

1643 

„     10 

320 

1644 

„     15      ... 

580 

1000 

„    16 

480 

1300 

„     17      ... 

300 

1700 

„     22 

680 

2500 

„     23      ... 

686 

1406 

..    24      ... 

22U 

ISO 

„    29      ... 

600 

1300 

„     30      ... 

600 

1207 

180 
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Table  XXIII. — Weekly  Returns  of  Boats  Fishing  and  Herring  Landed  in  Inveraray 

and  Campbeltown  District-s,  18M-1906 — coiUtnued. 


Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crana. 

1859. 

1860. 

1862. 

Aug.  6 

600 

1125 

Aug.  4 

550 

680 

June  7 

30 

•  ■  • 

ff        Id     . . . 

600 

800 

»»  ^^   ••• 

540 

500 

II   14 

70 

2 

„  20   ... 

600 

510 

y|   lo    • . . 

500 

600 

II  21 

190 

103 

,,  /ij 

600 

315 

»>  25 

550 

2400 

M  28   ... 

260 

102 

Sept  3   ... 

600 

400 

Sept.  1 

550 

450 

July  6 

260 

117 

„  10   ... 

600 

780 

o 

•  y     w      •  •  • 

550 

1300 

12 

II    Xw 

400 

149 

19    -^  '      •  •  • 

600 

800 

)y     15 

500 

320 

II    l*f     . .  • 

500 

605 

9  9 

450 

620 

„  22   ... 

550 
550 

950 
2300 

1,  26 

530 

1021 

Oct.  1 

400 

180 

Aug.  2 

580 

1070 

i»   ^   •  *  • 

400 

470 

Oct.  6   ... 

560 

800 

Q 

II   0 

600 

2020 

1)   10    . . . 

400 

624 

1)   1«5   ... 

460 

1100 

II  16 

600 

1570 

„  22   ... 

380 

566 

„  20   ... 

410 

1500 

II  23 

585 

2660 

tf  29 

390 

84 

,,  27 

390 

1720 

II   «H/    ... 

715 

3435 

Nov.  6 

300 

200 

Nov.  3 

420 

2600 

Sept. 

705 

2760 

»»  *^ 

340 

100 

„  10   ... 

430 

4500 

II     1 V      ... 

680 

2275 

y «    1*7     ... 

310 

369 

1" 

400 

1930 

II  20   ... 

670 

2880 

,,  26 

400 

3900 

,1  Ifk 

380 

1320 

II  27 

675 

3810 

Dec.  3   ... 

400 

2900 

Dec.  1 

380 

110 

Oct.  4   ... 

687 

3520 

„  10   ... 

150 

100 

1,   8 

208 

1950 

II  11 

690 

3725 

»>  1  •   ••  • 

600 

2000 

II  15 

228 

2450 

II   lo    . .  • 

687 

2911 

24 

300 

3000 

1,  22   ... 

190 

2430 

II  25 

574 

1690 

IJ    wl      ... 

250 

452 

1,  29 

85 

660 

1860. 

1861. 

Nov.  1 

682 

3074 

Jan.  7 

100 

300 

June  8 

172 

132 

II   " 

770 

3778 

}i  ■^^   ••• 

90 

470 

,1  15 

195 

97 

1,  15 

773 

4212 

»>  •■■•   ••• 

80 

•  •  ■ 

1,  22 

260 

12 

,1  22 

670 

2730 

,,  28 

50 

10 

,1  29 

454 

161 

II  £o       .. . 

610 

2399 

Feb.  4   ... 

35 

15 

July  6 

495 

432 

j^eo.  o   ... 

400 

432 

i»  *■*■       '" 

30 

23 

II     1 V      .  .  . 

560 

690 

II    Id     . .  • 

500 

2700 

1 }   lo    • .  • 

30 

181 

1,  20   ... 

600 

764 

II  20   ... 

450 

961 

„  25   ... 

50 

505 

II  27 

600 

1019 

II  27 
27-31   ... 

350 
150 

600 
50 

Mar.  3 

30 

270 

Aug.  3 

570 

808 

1863. 

„  10   ... 

40 

366 

II  10   ... 

565 

1335 

June  6 

85 

6 

>»  ■^  *   ••• 

35 

195 

II  1  / 

565 

1980 

II   lo 

195 

85 

)t  ^^   ••• 

60 

630 

II   24 

565 

400 

,1  20   ... 

251 

69 

)l  oi   ... 

60 

294 

II    dl     ... 

565 

800 

,,  27 

340 

215 

April  7 

50 

116 

Sept.  7 

515 

890 

July  4 

458 

608 

i>  ■^^   ••• 

50 

152 

II   14 

515 

890 

II  11 

490 

481 

i»  21 

40 

75 

„  21   ... 

615 

1215 

II   lo    ... 

515 

940 

,,  28 

30 

45 

,1  28 

615 

707 

II     mM 

541 

1180 

May  5 

30 

141 

Oct.  5 

550 

431 

Aug.  1 

539 

918 

i>  1^ 

20 

•  •  • 

12 
,1  iw 

570 

532 

O 
II     O 

767 

1733 

))     1 V      . . . 

16 

24 

II    Iv     ... 

470 

672 

II  15 

659 

1450 

„  26 

22 

60 

II  26 

450 

325 

II  22 
II  29 

660 
719 

1466 
1361 

June  2 

35 

42 

Nov.  2   ... 

350 

375 

»i   9 

95 

68 

II   y 

340 

162 

Sept.  5 

710 

1122 

,,  16 

238 

188 

,1  16 

340 

29 

II  12 

718 

823i 

,,  23 

458 

480 

1,  23 

310 

72 

II    Iv     ... 

680 

740 

,,  30 

450 

320 

II  vM 

200 

117 

1,  26 

630 

957 

July  7 

442 

473 

Dec.  7 

267 

474 

Oct.  3 

560 

504 

»>  ■'^^ 

470 

807 

14 

II     M.'M. 

320 

960 

II  10   ... 

487 

1250 

i»  21 

550 

947 

II   21 

350 

120 

II  1/ 

650 

1346 

>»  ^ 

550 

999 

II  28 

200 

170 

II  24 

716 

1678 

2831   ... 

150 

80 

1,   31 

605 

1419 

of  the  Fishery  Board  for  Scotland. 
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Table  XXIII. — Weekly  Returns  of  Boats  Fishing  and  Herring  Landed  in  Inveraray 

and  Campbeltoi/vTi  Districts,  1864-1906 — cotUtiiued. 


Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

1863. 

1866. 

1867. 

Nov.  7   ... 

530 

968 

Sept.  2   ... 

622 

4209 

June  8 

88 

116 

„  14 

53-2 

719 

tt   9 

646 

2361 

ff     lo 

152 

229 

„  21   ... 

460 

683 

,t  16 

552 

3123 

tt  22   ... 

373 

644 

„  28   ... 

411 

800 

,t  ^ 
t>  *^ 

462 
381 

984 
1426 

ff        £tO            . . . 

420 

469 

Dec.  5 

426 

905 

July  6 

457 

639 

»>  1^ 

365 

394 

Oct.  7   ... 

336 

411} 

tt  i**   .  •  • 

436 

1204 

»»  A" 

30 

50 

tt  14 

237 

369 

tt  20   ... 

470 

932 

i>  ^1 

220 

486 

tt  ^1 

544 

1325 

1864. 
June  4 

)}   lo    ... 

)>  25 

„  28   ... 

326 

877 

62 
242 
345 
461 

6 
51^ 
234 
746 

Nov.  4 

196 

226 

Aug.  3 
„  10   ... 

447 
448 

3362 
4320 

„  11   ... 

290 

395 

„  17   ... 

401 

1424 

f,     18 

210 

246 

„  24   ... 

457 

2160 

tt  26 

46 

18 

1 1  ^^i   •  •  • 

470 

2909 

July  2   ... 

»»   ° 
,,  16 
„  23   ... 
,f  30 

593 
666 
682 
653 
550 

673i 
860 
1450 
779 
873 

Dec.  2   ... 

•  •  • 

•  •  • 

Sept.  7 

5.?3 

2114 

tt   9 
It  16 

1866. 

10 
8 

85 
250 

tt  1* 

21 
tt  -'•I 

tt  28 

5-28 
500 
466 

982 
1467 
1764 

Aug.  6 

543 

721 

June  2 
»»   9 

24 
155 

4 
99 

Oct.  5   ... 
tt  1* 
tt  19 
„  26 

340 
320 
310 
395 

611 

989 

461 

1060 

}f   lo   . . . 

516 

486 

tt  16 

250 

181 

„  20   ... 

541 

366 

It  23 

284 

209 

»>  ^ 

620 

1452 

tt  30 

375 

362 

Sept.  3   ... 

482 

554 

July  7 

525 

692 

Nov.  2   ... 
„   9   ... 
tt  16 
,t  23 
It   oU 

127 
125 
130 
174 
180 

766 

391 

436 

1596 

1470 

„  10   ... 
»»  •'7 

433 
563 

240i 
1148^ 

tt  1* 
tt  ^1 

4*25 
428 

380 
524 

it     ^ 

558 

606 

tt  28 

603 

748 

Oct.  1   ... 

538 
472 

760i 
725 

Aug.  4 
tt  1-1 

634 
667 

802 
1459 

Doc.  7   ... 
tt  14 
,t  —1 
tt  <*o   . . . 
28-31   ... 

170 
140 
124 
145 
125 

706 
866 
190 
630 
160 

))  15 

405 

338 

tt   lo 

643 

2503 

»  2»   ... 

300 
430 

279 
926 

,.  26   ... 
Sept.  1   ... 

602 
668 

2340 
1658 

Nov.  5 

240 

651 

tt    o 

598 

2476 

tt     1^ 

121 

626 

„  16 

478 

909 

1868. 

))   Iw 

60 

226 

„  22   ... 

550 

1384 

„     26 

50 

112 

tt  ^*f      •  •  • 

450 

670 

Jan.  4 

136 

626 

Dec.  3   ... 

28 

18 

Oct.  6   ... 

600 

3260 

.,  11 

tt   lo    •  •  • 

,t  25 

146 
130 
126 

696 

130 

1130 

„  10   ... 
tt     *•« 

18 
9 

7 
5 

tt  13 

M  20   ... 

410 
490 

3696 
1688 

tt  27 

476 

1203 

Feb.  1   ... 

46 

60 

1865. 
June  3 

64 

5 

Nov.  3   ... 
tt  10   ... 

17 
tt     *« 

tt  ^ 

376 
200 
175 
162 

1108 
239 
215 
486 

June  6 

193 

690 

n  10   ... 

149 

66 

tt  13 

233 

814 

»»  17 

297 

162 

,t  20   ... 

265 

1189 

»»  -^ 

355 

122 

tt  27 

275 

800 

July  1   ... 

338 

174 

Dec.  1   ... 
It   8 
tt  16 
M  22   ... 
tt  ^ 

166 
140 
106 
113 
103 

610 
445 
130 
130 

80 

July  4   ... 

281 

1476 

»»   8 

479 

r.62 

ti  11   ... 

341 

1963 

,}  15 

723 

890 

tt  18 

351 

2180 

»»  ^ 

628 
635 

1128 
908 

M  26   ... 

384 

1910 

1867. 

Aug.  1 

420 

2576 

Aug.  5 

680 

1343 

Jan.  6 

90 

217 

tt   "   ••• 

406 

2019 

„  12   ... 

667 

2967 

tt  12 

70 

200 

,t  16 

444 

2760 

»»  l" 

599 

2240 

tt  19 

16 

10 

..  22   ... 

462 

2076 

,,  26 

628 

2669 

„  26 

5 

•  •  • 

11  2So 

420 

896 
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Table  XXm.— Weekly  Returns  of  Boats  Fishing  and  Herrings  Landed  in  Inveraray 

and  Campbeltown  Districts,  18&-i906 — continutd. 


Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

1868. 

1870. 

1871. 

Sept.  5 

479 

2481 

Jan.  1 

55 

25 

Sept.  2   ... 

456 

961 

„  12   ... 

465 

2307 

..   8   ... 

80 

145 

„   9   ... 

437 

334 

„  19   ... 

450 

3058 

.,  15   ... 

70 

210 

„  16   ... 

343 

546 

„  26   ... 

485 

1981 

„  22   ... 

85 

320 

„  23   ... 

363 

644 

»  29   ... 

56 

225 

„  30   ... 

162 

203 

Oct.  3   ... 

353 

1084 

„  10   ... 

398 

2019 

June  4 

165 

500 

Oct.  7   ... 

194 

353 

„  17   ... 

426 

1363 

„  11   ... 

229 

895 

„  14   ... 

256 

1229 

„  24   ... 

440 

1445 

„  18   ... 

254 

609 

„  21   ... 

327 

700 

„  31   ... 

205 

210 

„  25   ... 

312 

1430 

„  28   ... 

160 

90 

Nov.  7   ... 

75 

45 

July  2   ... 

357 

1859 

Nov.  4   ... 

41 

124 

„  14   ... 

30 

30 

„   9   ... 

409 

1549 

„  11   ... 

70 

160 

,,  21   ... 

32 

45 

„  16   ... 

455 

1725 

„  18   ... 

109 

60 

,.  28   ... 

32 

60 

„  23   ... 
„  30   ... 

495 
521 

2405 
3005 

,,  26   .. 

41 

80 

Dec.  5 

26 

25 

Dec.  2 

20 

45 

,.  12   ... 

65 

370 

Aug.  6 

484 

1950 

„   9   .. 

18 

40 

„  19   ... 

75 

510 

„  13   ... 

616 

1659 

„  16   ... 

4 

*  •  • 

„  26   ... 

12 

225 

,.  20   ... 

562 

1943 

»  23   ... 

6 

•  •  • 

1869. 

»  27   ... 

562 

2420 

,,  30 

6 

t  •  • 

Jan.  2   ... 

2 

15 

,,   9   ... 

36 

560 

Sept.  3   ... 

681 

1119 

1872. 

„  16   ... 

72 

140 

„  10   ... 

512 

696 

June  1 

101 

70 

»  23   ... 

70 

50 

„  17   ... 

378 

276 

„   8   ... 

166 

200 

„  30   ... 

4 

4 

,.  24   ... 

445 

1034 

„  15   ... 
„  22   ... 

207 

228 

235 
205 

June  5 

188 

550 

Oct.  1   ... 

410 

598 

„  29   ... 

245 

291 

„  12   ... 

^3 

730 

„   8   ... 

521 

1494 

„  19   ... 

250 

1180 

„  15   ... 

411 

959 

July  6   ... 

343 

696 

„  26   ... 

317 

2190 

„  22   ... 

367 

1045 

„  13   ... 

419 

640 

„  29   ... 

307 

729 

„  20   ... 

481 

1240 

July  3   ... 

338 

1580 

„  27   ... 

657 

3220 

»  10   ... 

467 

1035 

Nov.  6   ... 

393 

1633 

„  17   ... 

417 

1800 

„  12   ... 

328 

816 

Aug.  3   ... 

600 

1286 

„  24   ... 

504 

2275 

„  19   ... 

344 

800 

„  10   ... 

702 

2062 

,,  31   ... 

565 

1770 

„  26   ... 

300 

550 

,,  17   ... 
,,  24   ... 

687 
728 

711 
1152 

Aug.  7 

488 

2355 

Dec.  3   ... 

215 

325 

„  31   ... 

689 

1152 

„  14   ... 

470 

3588 

„  10   ... 

80 

80 

„  21   ... 

630 

4107 

„  17   ... 

39 

25 

Sept.  7   ... 

497 

1208 

„  28   ... 

550 

2566 

„  24   ... 

23 

170 

„  14   ... 

349 

598 

„  31   ... 

31 

195 

„  21   ... 

404 

2327 

Sept.  4   ... 

458 

4081 

1871. 

„  28   .. 

476 

1363 

„  11   ... 

464 

2691 

Jan.  7 

16 

140 

,.  18   ... 

438 

1215 

„  14   ... 

54 

985 

Oct.  5   ... 

460 

596 

»  26   ... 

399 

588 

„  21   ... 

60 

500 

,,  12   ... 

248 

2146 

„  28   ... 

40 

215 

,,  19   ... 

69 

40 

Oct.  2   ... 

381 

941 

„  26   ... 

18 

8 

„   9   ... 

452 

2237 

June  3 

127 

230 

„  16   ... 

400 

1145 

„  10   ... 

210 

816 

Nov.  2   ... 

7 

5 

,,  23   ... 

135 

302 

,,  17   ... 

304 

730 

„   9   ... 

•  •  ■ 

•  •  ■ 

„  30   ... 

36 

95 

,.  24   ... 

450 

1366 

„  16   ... 
„  23   ... 

87 
240 

430 

960 

Nov.  6   ... 

16 

245 

July  1   ... 

506 

1417 

„  30   ... 

176 

860 

„  13   ... 

10 

10 

„   8   ... 

504 

1592 

„  20   ... 

4 

5 

„  15   ... 

468 

826 

Dec.  7   ... 

256 

700 

„  27   ... 

•  •  • 

•  •  • 

,.  22   ... 
„  29   ... 

640 
792 

*752 
640 

„  14   ... 

36 

120 

Dec.  4   ... 

14 

35 

1873. 

„  11   ... 

32 

135 

Aug.  5 

666 

730 

June  7 

115 

332 

„  18   ... 

74 

490 

„  12   ... 

512 

1018 

»»  *^   ". 

169 

312 

»  25   ... 

85 

465 

„  19   ... 

522 

758 

»»  ^1 

204 

696 

„  31   ... 

85 

295 

„  26   ... 

372 

394 

»»  28 

239 

616 

of  the  Fishery  Board  for  Scotland 
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Table  XXIU. — Weekly  Returns  of  Boats  Fishing  and  Herrings  Landed  in  Inveraray 

and  Campbeltown  Districts,  1854-1906 — continued. 


Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

1873. 

1875. 

1876. 

July  6 

332 

820 

June  5 

70 

153 

Oct.  7   ... 

254 

456 

„  12   ... 

365 

874 

„  12   ... 

132 

119 

,.  14   ... 

250 

620 

„  19   ... 

372 

1461 

„  19   ... 

216 

315 

„  21   ... 

210 

989 

„  26   ... 

955 

2444 

„  26   ... 

266 

558 

„  28   ... 

420 

6300 

Aug.  2   ... 

638 

2494 

July  3   ... 

261 

544 

Nov.  4   ... 

300 

900 

„   9   ... 

634 

1014 

„  10   ... 

362 

1262 

„  11   ... 

186 

1758 

,.  16   ... 

449 

909 

„  17   ... 

340 

1850 

„  18   ... 

82 

158 

„  23   ... 

524 

1568 

»  24   ... 

312 

1138 

,.  25   ... 

100 

70 

„  30   ... 

624 

749 

„  31   ... 

271 

1998 

Dec.  2 

46 

617 

Sept.  6   ... 

438 

896 

Aug.  7   ... 

388 

2456 

»»   " 

60 

•  •  • 

„  13   ... 

181 

217 

„  14   ... 

350 

818 

„  16   ... 

10 

•  • « 

„  20   ... 

176 

631 

„  21   ... 

294 

1047 

.,  23   ... 

•  •  • 

•  •  • 

»  27   ... 

302 

1996 

„  28   ... 

319 

834 

1877. 
Jan.  27 

2 

■  ■  • 

Oct.  4   ... 

293 

792 

Sept.  4   ... 

302 

319 

„  11   ... 

43 

143 

„  11   ... 

270 

300 

June  2 

• 

6 

„  18   ... 

153 

760 

„  18   ... 

149 

85 

„   9   .. 

99 

29 

„  25   ... 

105 

15 

„  25   ... 

76 

39 

„  16   ... 
„  23   ... 

164 
222 

1638 
1218 

Nov.  1   ... 

55 

•  •  > 

Oct.  2   ... 

114 

47 

„  30   ... 

258 

892 

„   8   ... 

45 

■  •  • 

„   9   ... 

124 

119 

„  15   ... 

35 

•  •  • 

„  16   ... 

126 

525 

July  7   ... 

287 

1649 

„  22   ... 

30 

•  •  • 

„  23   ... 

130 

35 

„  14   ... 

304 

1347 

,,  29   ... 

20 

•  •  • 

„  30   ... 

166 

525 

„  21   ... 

„  28   ... 

301 
370 

2536 
2204 

Dec.  6   ... 

15 

•  •  • 

Nov.  7   ... 

188 

910 

1874. 

.,  14   ... 

93 

110 

Aug.  4 

550 

3097 

June  6 

92 

186 

„  21   ... 

96 

165 

„  11   .. 

574 

3844 

„  13   ... 

149 

211 

,,  28   ... 

80 

30 

„  18   ... 

298 

1976 

„  20   ...• 

2J3 

771 

„  25   ... 

413 

1080 

„  27   ... 

282 

805 

Dec.  4   ... 

65 

115 

,.  11   ... 

106 

90 

Sept.  1   ... 

482 

1569 

July  4   ... 

339 

741 

.,  18   ... 

70 

90 

„   8   ... 

477 

1666 

„  11   ... 

480 

2049 

„  25   ... 

•  •  • 

•  •  • 

„  15   ... 

281 

248 

,.  18   ... 

507 

1941 

„  31   ... 

10 

5 

„  22   ... 

382 

1107 

„  25   ... 

566 

1016 

1876. 

„  29   ... 

376 

2467 

Aug.  1 

502 

881 

Jan.  15 

6 

30 

Oct.  6   ... 

353 

1629 

„   8   ... 

669 

887 

„  22   ... 

4 

•  •  • 

„  13   ... 

376 

210 

„  16   ... 

480 

671 

„  20   ... 

266 

240 

„  22   ... 

558 

2416 

June  3 

74 

57 

„  27   ... 

134 

180 

„  29   ... 

373 

662 

„  10   ... 

112 

344 

M  17   ... 

196 

611 

Nov.  3   ... 

70 

660 

Sept.  5   ... 

277 

1125 

„  24   ... 

207 

244 

„  10   ... 

7 

60 

„  12   ... 

448 

894 

„  17   ... 

48 

160 

„  19   ... 

414 

1792 

July  1   ... 

303 

762 

„  24   ... 

82 

•  •  • 

„  26   .. 

285 

567 

„   8   ... 

317 

684 

„  15   .. 

310 

1686 

Dec.  1   ... 

70 

•  •  • 

Oct.  3   ... 

354 

263 

.,  22   ... 

310 

1215 

„   8   ... 

78 

•  •  • 

.,  10   ... 

175 

41 

„  29   ... 

346 

2824 

„  16   ... 

10 

•  •  • 

„  17   ... 

157 

555 

,,  22   ... 

6 

•  •  • 

M  24   ... 

278 

87 

Aug.  5 

345 

2685 

„  29   ... 

•  •  • 

•  •  • 

„  31   ... 

64 

1011 

„  12   ... 

348 

2396 

1878. 

„  19   ... 

326 

1186 

June  8 

151 

413 

Nov.  7 

44 

350 

„  26   ... 

314 

802 

„  15   ... 

219 

1116 

„  14   ... 

98 

269 

„  22   ... 

256 

773 

„  21   ... 

4 

15 

Sept.  2   ... 

395 

968 

„  29   ... 

321 

1170 

„  28   ... 

•  •  • 

•  •  • 

» »   9 

410 

1216 

1875. 

„  16   ... 

390 

644 

July  6   ... 

382 

1010 

Jan.  23   ... 

2 

4 

„  23   ... 

356 

652 

,.  13   ... 

317 

2608 

ff     ^ 

4 

6 

M  30   .. 

481 

647 

..  20   ... 

333 

2906 

,.  27   ... 

298 

1220 

184 
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Table  XXIU. — Weekly  Returns  of  Boats  Fishing  and  Herrings  Landed  in  Inveraray 

and  Campbeltown  Districts,  1854-1906 — continued. 


Week  ended 


1878. 

Aug.    3 

.,     10 

M     17 

„     24 

31 


»» 


Sept.  7 
14 
21 
28 


>» 


Oct.  5 
12 
19 
26 


Nov.    2 

9 

16 

23 

30 


»» 
»> 


)t 


Dec.    7 
14 
1879. 
May  31 

June  7 
14 
21 
28 


July  5 
12 
19 
26 


t* 


»» 


»» 


Aug.    2 
9 
16 
23 
30 


»> 
»» 
)) 

»» 


Sept.  6 
13 
20 
27 


1) 


Oct. 


»» 


4 
11 
18 
25 


Nov.    1 
8 
15 
22 
29 


>» 


Dec.     6 
„     13 
1880. 
May  29 


Boats. 


Crans. 


432 
319 
337 
295 
275 

211 

176  I 

5  ! 

40 


12 
24 

6 

50 

50 

105 

100 

90 

8 

94 

207 
209 
295 
352 

351 
374 
296 
342 

332 
397 
348 
298 
287 

323 
304 
322 
320 

344 
273 
263 
300 

375 
647 
588 
530 
167 

110 
82 

123 


1875 
370 
336 
370 
325 

334 
50 


14 
10 


1240 
350 
300 
250 

100 
30 

276 

611 

1324 

414 

946 

1075 
1999 
2005 
2424 

3372 
3447 
3780 
2406 
1557 

2275 
1480 
1980 
1242 

1088 
1103 
3789 
3395 

1667 
4337 
2137 
1515 
60 

46 
75 

30 


Week  ended 


1880. 

June  5 

12 

19 

26 


July  3 
10 
17 
24 
31 


1) 

»» 
»» 


Aug.  7 
14 
21 
28 


»» 


Sept.  4 
11 
18 
25 


»» 
»» 


Oct. 


»» 


»» 


»» 


»» 


2 

9 

16 

23 

30 


Nov.  6 
13 
20 
27 


»» 


Dec.  4 

11 

18 

25 

1881. 

June  4 
11 
18 
25 


I* 

»> 


1) 


»i 


»» 


July  2 
9 
16 
23 
30 


>» 
»» 


Aug.  6 
13 
20 

27 


»> 
it 


Sept.  3 
10 
17 
24 


»» 


♦» 


»» 


Oct.  1 

8 

15 

22 

29 


»» 
»> 


Boats. 


241 
280 
337 
417 

470 
470 
a32 
320 
358 

440 
390 
355 
297 

244 
395 
302 
479 

472 
463 
531 
476 
426 

602 
430 
500 
272 

462 
318 
118 
105 

234 
311 
448 
564 

494 
543 
503 
507 
570 

593 
505 
266 
586 

502 
396 
383 
159 

158 
150 
164 
71 
217 


Crans. 


1080 
677 
698 

1692 

3320 
5958 
3202 
3655 
3456 

4362 

2888 

786 

1312 

941 

578 

396 

1896 

1207 

660 

543 

1500 

1301 

2100 

2089 

2496 

510 

2439 

1359 

1552 

515 

489 
2187 
2037 
1151 

2446 
2005 
1950 
4471 
4066 

3436 
3104 
47-25 
2248 

2189 

1234 

1087 

939 

778 

76 

226 

214 

2172 


Week  ended 


1881. 

Nov.  5 

12 

19 

26 


Dec. 


»» 
>♦ 


3 
10 
17 
24 
31 


1882. 

June  3 

10 

17 

24 


»> 


>» 


** 


July 


»» 


>> 


»> 


*> 


1 

8 

15 

22 

29 


Aug.  5 
12 
19 
26 


)9 


»♦ 


Sept.  2 

9 

16 

23 

30 


»» 
»> 


»» 


Oct.  7 
14 
21 
28 


»» 
>» 


Nov.  4 
11 
18 
25 


»> 
»» 


Dec. 


»» 


*> 


2 

9 

16 


1883. 

June  9 

16 

23 

30 


»> 
»» 


July  7 
14 
21 
28 


»» 


Aug.  4 
11 
18 
•25 


i» 


»» 


»» 


Boata. 


238 
328 
240 
220 

244 
264 
277 

48 


228 
440 
489 
677 


Crans. 


1594 
976 
969 

1294 

1094 

1166 

1673 

60 


468 

942 

12^4 

3471 


775 

4799 

636 

4221 

824 

5388 

617 

4527 

777 

6139 

624 

3959 

536 

5999 

510 

5819 

461 

5839 

474 

619 

513 

3840 

344 

5242 

356 

3156 

341 

1421 

333 

3406 

324 

3851 

353 

3294 

365 

8032 

291 

2640 

295 

3568 

244 

2205 

252 

2327 

209 

684 

80 

18 

16 

6 

360 

630 

561 

828 

616 

2417 

601 

2696 

606 

2528 

616 

4393 

576 

3:<26 

581 

4199 

634 

5359 

527 

2010 

531 

2815 

655 

2062 

of  the  Fishery  Board  for  Scotland. 


185 


Table  XXIII.— Weekly  Returns  of  Boats  Fishing  and  Herrings  Landed  in  Inveraray 

and  Campbeltown  Districts,  18^-1906 — continued. 


Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

Week  ended 

Boats. 

Crans. 

1883. 

1885. 

1887. 

Sept.  1   ... 

534 

30S6 

Aug.  I 

506 

1921 

June  4 

270 

764 

„   8   ... 

531 

3396 

II    o 

503 

2329 

„  11   ... 

368 

987 

II  15 

380 

2889 

II  15 

508 

2698 

II   lo    .. . 

472 

1149 

„  22   ... 

319 

1663 

„  22   ... 

390 

4624 

„  25   ... 

562 

1071 

M  29   .. 

319 

2720 

1  1     iS«7       .  .  . 

469 

2150 

July  2   ... 

578 

869 

Oct.  6   ... 

35-^. 

7511 

Sept.  5 

463 

2558 

II    a 

660 

1298 

„  13   ... 

337 

3876 

1*> 
II  *  —   ... 

424 

4071 

II  16 

595 

2049 

,.  20   ... 

328 

625 

II  111   . . . 

524 

6219 

1 1  za     . . . 

544 

3312 

II  ^/ 

317 

1923 

„  26   ... 

140 

121 

II  30   ... 

460 

1033} 

Nov.  3 

351 

4663 

Oct.  3 

313 

4471 

Aug.  6 

421 

1807 

.,  10   ... 

335 

1564 

1,  10   ... 

436 

7814 

II  lo       ... 

475 

18i2i 

„  17   ... 

339 

1475 

II  1  / 

419 

494 

,1  20   ... 

437 

1213 

„  24   ... 

199 

173 

II  ^ 

II   ol    . .. 

350 
182 

976 
3 

II  27 

423 

1174 

Dec.  1   ... 

285 

396 

Sept.  3   ... 

378 

768 

1,   8 

157 

1491 

Nov.  7 

137 

•  •  • 

„  10   ... 

419 

1395i 

II  15 

•  •  • 

•  •  • 

II   14    ... 

12 

•  •  • 

II  1  / 

437 

3599 

M  22   ... 

20 

•  •  « 

II   ^4 

440 

6498 

1884. 
June  7 

292 

1428 

1886. 
June  5 

402 

1394 

Oct.  1   ... 
II   8 
II  15 
„  22   ... 

II    ^o             ... 

426 
404 
272 

400 
414 

765 
1085 

398 
2238 

366 

II  i*   ... 

440 

712 

II  12 

404 

936 

„  21   ... 

549 

2055 

II  1" 

369 

605 

II  28 

658 

2236 

1  1     mAi 

524 

2061 

July  5   ... 
,.  12   ... 

648 
614 

1709 
1765 

July  3   ... 
1,  10 

562 
474 

1869 
1348 

Nov.  5 
II  12 
II   19 
II  26 

562 

3291 

II  ly 

620 

1922 

II  1  /   ... 

508 

1632 

oo4   <vo/ 

QQO      An 

„  26 

575 

4336 

1,   Z4 
II  31 

436 
403 

1193 
1234 

484 

447 

Aug.  2 

II      CT 

„  16   ... 

612 
614 

488 

3301 
2159 
2511 

Aug.  7 
„  14   ... 

472 
496 

2168 
1915 

Dec.  3   ... 
II  10   ... 
II  1 1 

II   Z4 

560  :  1897 
440  1229 

.>on     IT 

II  /io 

460 

3194 

II  Jl 

484 

2i43 

520 

1/ 
992 

f  1   OvI     . .  • 

410 

2939 

II  28 

475 

2940 

Sept.  6   ... 

II    lo 

349 
367 

288 
866 

Sept.  4 
II  11 

388 
290 

2997 
1U5 

1888. 

June  9 

,1  16 

II  23 

II  30 

252 
331 
374 
537 

38 

294 

300 

1183 

,1  20   ... 

326 

1087 

II   lo 

232 

619 

n   .27    ... 

330 

401 

„  25   ... 

293 

339 

Oct.  4   ... 

II  11   ... 

340 

186 

384 
1262 

Oct.  2   ... 

II     V 

342 
353 

645 
363 

July  7 

II   14 
II  Zi 
II  28 

631 
625 
562 
567 

2743 
2526 
3870 
2698 

II  18 

414 

3998 

II  16 

278 

209 

1 1  A) 

400 

4592 

1,  23 

f  f          t9v      •  •  • 

479 
394 

758 
977 

Nov.  1 

II    o 

379 
120 

24 

812 

Nov.  6   ... 

272 

360 

Aug.  4 
II  11 

II   lo    ... 

,1  25 

388 
382 
401 
492 

3920 
3430 
3739 
1461 

II   lo 

229 

3006 

II   1*5   ... 

254 

569 

„  22   ... 
„  29   ... 

156 

72 

410 
165 

„  20   ... 
„  27   ... 

364 
530 

600 
1761 

1885. 
June  6 

328 

2226 

Deo.  4 
II  11 

II   lo    ... 

275 

20 

315 

2448 

135 

5350 

Sept.  1 

II     o    ... 

528 
444 

2439 
1160} 

II  l«i 

II  20   ... 

415 
526 

2699 
2001 

II  15 
1,  Jr£ 

450 
374 

2136} 
164} 

„  27   ... 

1 

511 

2789 

1887. 

II   ^V    . . . 

186 

746} 

July  4   ... 

618 

2978 

May  7   ... 

118 

525 

Oct.  6   ... 

356 

1269} 

,.  11   ... 

580 

?733 

„  14   ... 

126 

90 

II  13 

377 

2553} 

„   »8 

594 

4166 

II  Zi 

136 

34 

..  20   ... 

430 

1639 

„  26   ... 

528 

3285 

II  *!o        .. . 

152 

383 

t>  27 

385 

333 

Part  III. — TweiUif-Jifth  Annual  SepoH 


TABLBXxm 

-W« 

kly  RetuniB  .)[  Boats  Fishing 

and  Herri  nsB  Landed 

n  InverftraLy 

And  Cnmpbellown  DiBtric 

W<wk  ended 

Boata. 

Owns. 

Week  ended 

Boats. 

Cnna 

Week  ended 

Boats. 

CraoB. 

lias. 

1890. 

1892. 

Nov,    3      .-. 

3ftS 

1465 

Sept.   6      ... 

103 

882i 

July    -2       ., 

419 

2470 

,.     10       ... 

120 

.;  13    ... 

103 

1501 J 

.,      9      ... 

469 

3156 

..     17      ... 

328 

908 

„     20       ... 

188 

llOli 

„     16       ... 

442 

31fti 

„    24      ... 

202 

146 

..     27      ... 

88 

•276 

„     23      ... 
M     30        ,. 

580 
406 

6017i 
5993} 

Dec.     1       ... 

.W2 

2842 

Oct.     4      ... 

346 

47i 

„     a      ... 

364 

1797 

,.     11       ... 

346 

971 

Aug.    6 

289 

53971 

.,     15       ... 

476 

2388 

.,     18      ... 

328 

810 

M     13       ... 

283 

26541 

..    22      ... 

380 

2307 

„     25      ... 

424 

4019 

„     20      ... 

^76 

2538 

„     29      ... 

180 

250 

„     27      ... 

262 

25441 

1889. 

Nov.    1       ... 

448 

381 

Jane    8      ... 

3J4 

691  i 

„       8       ... 

512 

5130 

Sept.   3 

2i-j5 

1723 

„     15       ... 

433 

946i 

..     15 

421 

394 

„     10      ... 

269 

2298i 

..     22      ... 

252 

804 

„     22      ... 

450 

1575 

..    17      ... 

266 

1663 

,.     29       ... 

368 

957 

„     29      ... 

407 

1417 

„     24      ... 

273 

2059 

July    6      ... 

413 

1340 

Dec.    6      ... 

303 

1356 

Oct,      1       ... 

254 

700 

..     13        .- 

36S 

■2aw 

,.     13       ... 

2->9 

1336 

„      8       ... 

280 

1637 

„     20      ... 

308 

■12001 

„     20      ... 

149 

1595 

„     16      ... 

33-2 

IZTA 

„     27      ... 

339 

2282 

„     27       ... 
1891. 

268 

1059 

..    22      ... 
,.     29      ... 

368 
368 

1753 
487 

Aug.    3      .. 

207 

)9«li 

June  6      ... 

sa'i 

850 

,,     10      ... 

270 

s 

,.     13      ... 

409 

1800 

Nov.    5      ... 

290 

704 

2.8 

,.     20      ... 

441 

1950 

„     12      ... 

330 

1:I36 

','.    2* 

248 

1016 

..     27       ... 

607 

1678 

„     19      ... 

338 

231 

„     31       ... 

247 

2SS8I 

July    4      ... 

468 

3392 

■..    26       ... 

334 

1290 

Sept.  7       -. 

217 

1082i 

.,     11      ... 

502 

4631 

Deo.     3      ... 

310 

400 

,:   U    ... 

208 

237 

„      18        ... 

431 

3936 

„     10      ... 

320 

1186 

„     21        ... 

IfX) 

1029 

..     25      ... 

393 

3295 

„    17      ... 

300 

2751 

„     28      ... 

273 

3886) 

..    24      ... 

260 

2000 

Aug.    1       ... 

3&1 

5005 

„     31       ... 

240 

1000 

Oct.      5       ... 

24B 

4514 

M       8        ... 

270 

2009J 

1893. 

„     12      ... 

252 

2832 

„     15      ... 

281 

ie40i 

June    3      ... 

56 

69 

„     19      ... 

340 

3024 

„     22      ... 

283 

1288 

„      10       ... 

477 

1363 

„     26       ... 

323 

3876 

„     29      ... 

252 

I254i 

„    17      ... 
„     24      ... 

493 

821 
1264 

JTov.   2      ... 

35S 

1451 

Sept.  6      ... 

242 

547 

„      9      ... 

344 

2245 

„     12      ... 

216 

1088} 

July    1      ... 

518 

2255 

„     16      ... 

361 

2741 

„     19      ... 

212 

988i 

„      8      ... 

540 

3137 

„     23      ... 

412 

5388 

,.    26      ... 

228 

1161 

„     15      ... 

472 

46831 

„     30      ... 

331 

224 

,.    22      ... 

424 

3999 

Oct.     3      ... 

232 

879 

.,    29      ... 

372 

4765 

Deo.    7       ... 

202 

44 

„     10      ... 

264 

894i 

„      14       ... 

283 

930 

„     17      ... 

271 

1268 

Aug.    5       ... 

335 

31581 

„     21       ... 

132 

939 

„     24       ... 

354 

4390 

„     12       ... 

258 

38511 

„     28      ... 

88 

23 

,.    31      ... 

420 

3201 

„     19      ... 

287 

25431 

iB9a 

.,     26      „. 

236 

713 

JOH    7      ... 

378 

183 

Nov.    7      ... 

373 

5iH0 

„    14      ... 

462 

254 

„     14      ... 

322 

324 

Sept.   2       ... 

267 

1576 

..    21      ... 

551 

659 

„     21       ... 

298 

1633 

,.      9      ... 

282 

11381 

„     28      ... 

02« 

1997 

„     38        .. 

294 

4120 

„     IB      ... 

H65 

236 

511) 

July    5      ... 

556 

3268 

Dec.     5 

266 

958 

'.',     30 

236 

364 

„      12       ... 
„     19      ... 

.157 

6r>o 

4270 
3679i 

',',     19 

261 
261 

1471 
1016 

Oct.     7      ... 
„     14      ... 
„    21       ... 

216 
210 

103 
17 
152 

„     26      ... 

380 

1682 

..    26      ... 

281 

£240 

210 
210 

26-31       ... 

261 

2363 

Aug.    2      ... 

2i8 

29241 

1892. 

,.      9      ... 

288 

aoTi 

June    4       ... 

54 

54 

Nov.   4      .., 

210 

1870 

„     10        ,. 

■xi 

33H4 

„      11        .. 

332 

1505 

220 

BOO 

2;(     „. 

263 

15.M 

„      18 

397 

1140 

"     18 

210 

8»7 

30      ... 

242 

804i 

,.    25      ... 

455 

2157 

„     25      ... 

210 

U. 

of  the  Fishery  Board  for  Scotland. 
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n  Inverar*]' 


Week  ended 

Boatn. 

CranB. 

Week  ended 

Boats. 

Crans. 

Week  ended 

Boiita. 

CrauB. 

1893. 

1895. 

1H97. 

Dee.     2      -.. 

192 

504 

Oct.     5 

48 

32 

Aug.    7       ... 

439 

3386 

..      9        - 

IM 

412 

„     12       ... 

49 

84 

„     14        -. 

425 

4066 

„     16      ... 

169 

1000 

,.     19      ... 

28 

60 

„    21       ... 

404 

3338 

„     23      ... 

171 

1063 

..    26       ... 

22 

461 

343 

3628 

..     30      ... 

211 

2139 

18S4. 

Nov.    2      ... 

46 

48i 

Sept.   4       ... 

446 

5238 

June    B       ... 

231 

1582 

„      9      ... 

168 

130 

„     11       ... 

445 

7435 

„     16      .. 

330 

2159 

,,     16      ... 

157 

191 

„     18       ... 

399 

4314 

„     23      ... 

1949i 

„    33      ... 

IW 

1071 

„    25      ... 

306 

4595 

„     30      ... 

409 

5202t 

.,     30      ... 

174 

506 

Oct.     2      ... 

386 

3319 

July    7       ... 

381 

:i3i3i 

Deo.     7       ... 

150 

227 

„      g      ... 

331 

4232 

„     14       ... 

396 

5277 

„      14       ... 

168 

869 

„     16      ... 

234 

984 

..     21       ,., 

396 

1950 

„    21       ... 

178 

245 

li82 

2523 

„     28       ... 

380 

4254 

"  1896. 

22 

77 

„     30      ... 

239_ 

2283 

Aug.    4       „. 

420 

4964 

June    6      ... 

247 

496 

Nov.    8       ... 

■251 

1279 

405 

2352 

„     13        ,. 

325 

530 

„    13      ... 

251 

965 

!',     18        '1. 

458 

1625i 

„     20      ... 

4<J8 

911 

„    20      ... 

334 

1179 

„     25      ... 

445 

3093 

„    27       ... 

4m 

1684 

„    27       ... 

324 

3277 

Sept.    1       ... 

460 

2180 

July    4       ... 

378 

2213 

Deo.     4      ... 

286 

2047 

M       8 

342 

1306 

414 

1644 

6 

70 

,.     15       ... 

325 

778i 

W     18 

462 

1322 

..     18      ... 

225 

1784 

,.    22       .„ 

345 

1286 

„    25       ... 

444 

1224 

..     25      ... 

243 

13^6 

.,    29       ... 

300 

1671 

Aug.    I 

487 

851 

„     31       ... 

1898, 

107 

400 

Oct.     6      ... 

263 

91 5i 

„      8       ... 

416 

2215 

June   4       ... 

223 

673 

,.     13 

160 

146 

„     15       ... 

415 

906 

„     11       ... 

350 

1518 

■  >    20        .. 

150 

463t 

„    22       ... 

3511 

U71 

„     18       ... 

370 

1898 

„     17      ... 

136 

59 

„     29      ... 

403 

1103 

„     25      ... 

378 

2770 

Nov.    3      ... 

106 

24 

Sept.  5       ... 

441 

1308 

July    2       .. 

368 

3814 

„     10        .. 

80 

43 

.^1 

960 

„       9       ... 

368 

4210 

,,     17 

210 

GIO 

„     19       ... 

171 

419 

„    16      ... 

377 

2714 

„    24      ... 

209 

170 

„    26      ... 

217 

738 

„     23      ... 

„      80       ... 

439 
397 

5431 
4218 

UcD.       1 

215 

23,^)7 

Oct.     3       ... 

268 

2766 

„     a     ... 

258 

1991 

,.     10      ... 

239 

854 

Aug.    6      ... 

423 

21SI 

„     15      ... 

216 

222B 

,.     17      ... 

218 

442 

.,     13 

417 

2370 

„    22 

170 

1658 

.,    24      ... 

102 

55 

„    20      ... 

490 

2»40 

„    29      ... 

130 

1573 

„    31      --. 

205 

745 

..     27        - 

436 

3505 

1895. 
Juno    H      ... 

280 

502t 

Nov.    7       ... 

209 

1668 

Sept.   3      ... 

406 

1244 

„     15      ,,. 

358 

843 

„      14       ... 

198 

189 

,.     10 

46! 

2255 

„    22      ... 

401 

732 

„    21      ... 

168 

427 

.,     17       ... 

497 

1928 

„    29      ... 

449 

1635 

„     28      ... 

148 

718 

„    24      ... 

326 

2341 

July    8      ... 

4T5 

28fl.^l 

Deo.    5      .„ 

144 

154 

Oct.     1       ... 

313 

705 

„     13      ... 

516 

2123 

„     12      ... 

136 

101 

„      8      ... 

252 

1649 

„    20      ... 

407 

2l92i 

„     19      ... 

132 

243 

„     15      ... 

292 

1320 

,.     27       ... 

350 

15S4i 

„     26      ... 
1897. 

63 

108 

",     29      '.'.'. 

289 
270 

390 
509 

Aug.   :i     ... 

476 

2999 

June   5      ... 

171 

372 

Nov.    6 

2)3 

663 

.,    1(1     ... 

456 

loeoi 

„     12      ... 

8i!3 

„     \l 

270 

1439 

„    17     ... 

419 

1452 

,.     '9      ... 

281 

240 

19 

270 

988 

,.    24       ,,. 

292 

394 

„    26        .. 

307 

1109 

„    26      ... 

333 

2823 

„     31       ... 

304 

778 

July    3 

408 

2795 

Dec.     3       ... 

211 

2646 

Sciil,   7      ... 
,,     14 

28D 

965 

„    10     .. 

419 

2377 

..     10      ... 

171 

1419 

3IH 

532 

424 

:,08l 

..     17       .. 

219 

1342 

21 

IM 

137 

\\     24 

4:1:1 

3456 

„    24      ... 

INH 

1229 

..     2«      ... 

117 

8U 

..    31      ■  ■ 

413 

3859 

„     31       ... 

36 
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Tablb  XXIU 

-Weekly  Eeturn«  of  Boat*  Fiahing 

and  Herri  nsB  Landed 

m  loTsrany 

and  ConipbtlLowii  Distriet 

a.  1854-1906-t™t.n««l. 

Week  eniled 

liuaw. 

CranB. 

Week  ended 

Boats. 

Ciuiia- 

\V™L  ended 

Boau. 

Grant. 

I89B. 

1900. 

1902. 

June    3      ... 

72 

209 

Oct,     6      ... 

330 

3019 

.July    5      ... 

370 

37ffi 

„     10 

259 

„     13       ... 

250 

302 

.,     12      ... 

370 

2289 

..17 

296 

.,     20      ... 

3:i0 

1652 

„     19      ... 

373 

4313 

,.    24        .. 

329 

1005 

,.     27      ... 

310 

834 

„     28      ... 

360 

3185 

July     1       ... 

35* 

2576 

Nov.    3       .. 

274 

943 

Aug.    2      ... 

390 

4841 

..      8       ... 

350 

3086 

„     10      ... 

300 

88 

..      9      - 

400 

4090 

„    la     ... 

316 

4292 

„     17       ,,. 

280 

561 

„     1«      ... 

390 

5527 

„    23      ... 

373 

41511 

„     24 

270 

fi39 

.,    23      ... 

410 

2786 

„     29      ... 

376 

3064 

d™.    1     ., 

260 

50 

„    30      ... 

410 

4970 

Aug.    5       ... 

378 

5063 

,.      8       ... 

284 

1741 

Sept.   6      ... 

410 

3125 

„   la     ... 

37a 

4701 

„     15       ... 

130 

„     13      ... 

410 

3955 

„    ifl     ... 

438 

3396 

,.    22      ... 

120 

:« 

.,    20      ... 

280 

790 

.,    26      ... 

1024 

,.    27      ... 

320 

402 

Sept.  2      ... 

307 

2328 

1001, 

Ool.     4      -., 

300 

830 

,,       9      ... 

308 

1481 

M»y  25      ... 

140 

38 

„     11       ... 

130 

1390 

„     10      ... 

347 

4296 

„      18       ... 

210 

204 

„    23      ... 

150 

1184 

June    I        ,, 

160 

184 

„    26      ... 

150 

866 

,.    ,10      ... 

315 

2073 

„      8       ... 

325 

1444 

..      15       ... 

345 

790 

Nov.    1       ,., 

150 

1087 

Oct.     7       ... 

191 

&'.2 

„    22      ... 

350 

1648 

.,      8      ... 

153 

1134 

26.i 

150S 

..     29      ... 

365 

2875 

.,     15      ... 

517 

"    21 

193 

360 

„    22      ,. 

162 

498 

;,  28   ... 

193 

459 

July    6      ... 
.,     13      ... 

360 

360 

3230 

1984 

.,    29      ... 

160 

394 

Nov.    4       ... 

'2.-» 

1079 

„     20      ... 

350 

2747 

Deo.     6      ... 

162 

235 

„     U       ,, 

230 

445 

.,    27       ... 

330 

4268 

„     13      ... 

152 

286 

„     18       ... 

290 

fl53 

„     20      ... 

1511 

1304 

..    25      ... 

308 

3303 

Aag.    3      ... 

340  'i  2267 

,.    27      ... 

200 

695 

„     10        .- 

300  ,  3420 

„    27-31... 

190 

12»5 

Deo.    2      ... 

300 

1033 

„    17      ... 

330  1  3418 

„      9      ... 

220 

644 

„    24      ... 

410  1  5785 

„    IS      ... 

200 

1809 

..     31       ... 

320     1248 

1903. 

„    23      ,., 

170 

147 

June    6      ... 

350 

686 

„    30      ... 

50 

178 

Sept.   7       ... 

330     3338 

,.     13      ... 

320 

841 

„      14       ... 

380     4104 

„     2(1       ... 

300 

1190 

„     21        ... 

310  ,  I39S 

,.    27      ... 

340 

1328 

leOD. 

,.    28      ... 

350 

1578 

JuiM  3      ... 
„      9      ... 

280 
32S 

497 
1683 

Oct.     5       ... 
„     12      ... 
„     19        ,. 
„    26        ,. 

300 
300 
230 
210 

1629 

July    4      ... 

340 
331 

1747 
4390 

„    IB      ... 

!;    30      ... 

305 
320 

348 

818 
2327 
2819 

154 

60 

'.'.     18       '.'.'. 
„    25      ... 

346 
34, 

3948 
4248 

Not.    2      ... 

120 

140 

Ai^!.    1       ... 

3.S5 

4058 

July    7       ... 

348 

2976 

„        9 

130 

34 

,r    8     ,,. 

360 

2868 

..     u      ... 

2828 

,,      Ifi       ... 

140 

400 

370 

3364 

„     21        ... 

3-ie 

5690 

„    23       ... 

IflO 

„    22      ... 

370 

3526 

,.    28       ... 

338 

2991 

„     30      ,„ 

278 

lfP08 

„    29      ... 

375 

2516 

Aug.    4       ... 

340 

3.VI 

23W 
4338 

Dec.    7       ... 
„      14       ... 

„    21       ... 
„    28       ... 

260 
265 
240 
190 

1490 
341 
1773 

918 

^."■J  :;: 

375 
346 

2066 
1239 

',',     18 

mi 

3450 

„     19      ... 

315 

2221 

„     23      ... 

324 

4244 

„    26      ... 

290 

1679 

aent.   1       ... 

54(1 

2343 

1902. 

Oct.     3        .. 

246 

609 

,!      8      ,., 

350 

2993 

June    7       ... 

360 

1115 

,.     10      .„ 

170 

123 

„      15       ... 

330 

3013 

..     14 

310 

1846 

,.    17      -„ 

140 

515 

„     2-2      ... 

380 

26J9 

,.    21       ... 

340 

1594 

,.    24 

176 

30 

„    29      ... 

330 

3759 

300 

1191 

„    31      ... 

144 

of  tJie  Fishery  Board  far  Scotland, 
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Table  XXIII. — Weekly  ReturoB  of  Boats  Fishing  and  Herrings  Landed  in  Inveraray 

and  Cainpbeltown  Districts,  1854-1906 — continued. 


Week  ended 

Boats. 

Crans. 

Week  ended 

fioato. 

Crans. 

Week  ended 

Boats. 

Grans. 

1908. 

1904. 

1906. 

Nov.  7 

160 

48 

Uec.  w   ... 

162 

14 

May  5 

40 

44 

>>  14 

142 

,1  10   ... 

138 

46 

12 

II  x^ 

70 

86 

i»  21 

100 

— 

II  1  /   ... 

150 

— 

f  1   IV    ... 

100 

74 

„  28 

210 

335 

24 

II   ^c» 

II  31   ... 

240 
240 

527 
322 

II  26 

120 

188 

Ueo.  5 

220 

902 

II  '^ 

224 

164 

1905. 

June  2 

120 

130 

II    Iv              •  1  . 

230 

265 

May  6   ... 

60 

134 

II   if   ... 

180 

ft96 

„  26 

246 

1480 

II  13 

110 

360 

II  16 

240 

1513 

„  28-31... 

184 

132 

,1  20   ... 

120 

398 

II  ^o   . . . 

250 

1181 

II  27 

130 

78 

II  90   ... 

256 

708 

1904. 

June  3 

230 

266 

May  7 

65 

17 

II  10   ... 

150 

1158 

July  7 

264 

1069 

II   14    ... 

70 

8 

II  1  /   ... 

152 

545 

II  14   ... 

280 

1006 

II  21 

90 

63 

1.  24   ... 

237 

901 

II  Zi 

280 

692 

II     iSO        •  •• 

120 

164 

July  1 

247 

528 

II  28   ... 

300 

1752 

June  4 

280 

720 

II  %j 

330 

1336 

II  ** 

303 

518 

II  15 

325 

1584 

Aug.  4 

330 

268 

1*   lo    ... 

294 

524 

II    £u& 

320 

2147 

II  11   ... 

310 

386 

II  26   ... 

304 

1046 

II  29 

320 

3110 

II  lo   ... 
II  25   ... 

140 
70 

66 

17 

July  2   ... 

314 

550 

Aug.  5 

300 

1806 

II   9 

340 

769 

II  IZ 

350 

1765 

»y    16 

340 

979 

II   IV   ... 

350 

1319 

Sept.  1 

40 

100 

II  23 

340 

2057 

II  26 

320 

456 

II    o 

10 

1 

1,  30   .. 

310 

1145 

II   19          ... 

20 

47 

Sept.  2   ... 

100 

156 

II    £b 

58 

286 

Aug.  6 

330 

1021 

II     u 

100 

36 

II  Sv         ... 

100 

445 

II    1 V      ... 

355 

1135 

II  16 

80 

7 

,1  20   ... 

355 

815 

II  23 

72 

165 

II  SJ 

360 

685 

II   oU    ... 

85 

8 

Oct.  6   ... 

II   1«5   ... 

150 
150 

1286 
262 

Sept.  3 

340 

451 

Oct  7   ... 

100 

124 

II  20   ... 

150 

2 

„  10   ... 

320 

143 

14 

II  x-x 

120 

153 

II  ^ 

2 

— 

II  17 

290 

424 

II   ^' 

160 

32 

II   Z4 

200 

295 

II  28 

100 

51 

Nov.  3 

10 

Oct.  1 

260 

121 

Nov.  4 

100 

21 

1,  10   ... 

30 

255 

II     o 

200 

45 

II  11 

90 

100 

i»  *• 

8 

II  15 

180 

103 

II    lo     ... 

98 

44 

>»   ^4    ... 

8 

— 

„  22   ... 

190 

47 

II  25   ... 

100 

100 

II    ^O            ... 

100 

36 

Deo.  2   ... 

110 

292 

i/ec.  1 

4 

_ 

Nov.  5 

10 

— . 

II   9 

118 

17 

II    o 

8 

^m- 

If  12 

66 

II  16 

130 

933 

II  15 

4 

6 

II  19 

116 

— 

II  23 

110 

58 

II  22 

_ 

^_ 

II  26 

52 

2 

II  30   ... 

60 

^-~ 

fi  29 

4 

60 
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Table  XXIV.,  Showing  the  Belation  of  the  Phase  of  the  Moon  to  the 

Catch  of  Herrings  in  Loch  Fyne,  1860-1900. 


New  Moon. 

*Catch 
in  Grans. 

Full  Moon. 

*Catch  ! 
inCrans. 

New  Moon. 

♦Catch 
in  Grans. 

Full  Moon. 

♦Catch 
in  Grans. 

1860. 

1863. 

Jan.  23... 

10 

Jan.     8. . . 

470 

Jan.  19... 

Jan.     5... 

Feb.  21... 

605 

Feb.    7... 

23 

Feb.  18... 

Feb.    3... 

Mar.  22... 

630 

Mar.    7... 

366 

Mar.  19... 

Mar.    5... 

Apr.  21... 
May  20... 

75 
60 

Apr.    6... 
May    6... 

116 
141 

Apr.  18... 
Mlay  17... 

Apr.    4... 
May    3... 

June  19... 

480 

June   3... 

68 

June  16... 

*39 

June    1... 

**6 

July  18... 

947 

July    3... 

473 

July  15... 

613 

July    1... 

82 

Aug.  16... 

600 

Aug.    1... 

680 

July  30... 

761 

Aug.  31... 

450 

Aug.  14... 

1443 

Aug.  28... 

1354 

Sep.   16... 

320 

Sep.  30... 

800 

Sep.  13... 

740 

Sep.  27... 

504 

Oct.   14... 

1600 

Oct.   29... 

2600 

Oct.    12... 

1346 

Oct.  26... 

1419 

Nov.  13... 

1930 

Nov.  28... 

110 

Nov.  11... 

719 

Nov.  26... 

800 

Dec.  12... 

2460 

Dec.  28... 
Total 

660 

Dec.  10... 
Total 

394 

Dec.  25... 
Total 

•  •  • 

Total 

9607 

6967 

6194 

4916 

1861. 

1864. 

Jan.   11... 

Jan.  26... 

Jan.     9... 

Jan.  23... 

Feb.    9, . . 

Feb.  26... 

Feb.    7... 

Feb.  22... 

Mar.  11... 

Mar.  26... 

Mar.    8... 

Mar.  23... 

Apr.  10... 
May     9... 

Apr.  24... 
May  24... 

Apr.     6... 
May    6... 

Apr.  22... 
May  21... 

June    8... 

132 

June  22... 

12 

June    4... 

**6 

June  19... 

400 

July    8... 

690 

July  22... 

1019 

July    4... 

335 

July  19... 

672 

Aug.    6... 

1335 

Aug.  20... 

400 

Aug.    2... 

618 

Aug.  17... 

279 

Sep.     4... 

890 

Sep.  19... 

1215 

Sep.     1... 

540 

Sep.  16... 

1120 

Oct.     4... 

431 

Oct.   18... 

672 

Sep.  30... 

756 

Nov.    2... 

375 

Nov.  17... 

72 

Oct.   30... 

611 

Oct.   16... 

338 

Dec.     2... 

474 

Dec.  17... 

120 

Nov.  29... 

18 

Nov.  13... 

226 

Dec.  31... 

80 

Total 

Dec.  28... 
Total 

•  •  • 

Dec.  13... 
Total 

5 

Total 

4407 

3610 

2783 

2940 

1862. 

1866. 

Jan.  30... 

Jan.  16... 

Jan.  27... 

Jan.  11... 

Feb.  28... 

Feb.  14... 

Feb.  25... 

Feb.  10... 

Mar.  30... 

Mar.  16... 

...     i 

Mar.  27.. 

Mar.  12... 

Apr.  28... 
May  28... 

Apr.  14... 
May  13... 

Apr.  26... 
May  24... 

Apr.  11... 
M!ay  10... 

June  27... 

102 

June  12... 

*2 

June  23. . . 

42 

June    9... 

16 

July  26... 

1021 

July  11... 

149 

July  22... 

1007 

July    8... 

142 

Aug.  25... 

3436 

Aug.    9... 

2020 

Aug.  21... 

2520 

Aug.    7... 

2683 

Sep.  23... 

3810 

Sep.     8... 

2276 

Sep.   19... 

980 

Sep.     5... 

2356 

Oct.  23... 

1690 

Oct.     7... 

3725 

'  Oct.    19... 

486 

Oct.     4... 

410 

Nov.  21... 

2730 

Nov.    6... 

3778 

N«>v.  18... 

246 

Nov.    3... 

225 

Dec.  21... 

600 

Dec.     6... 
Total 

432 

Dec.  18... 
Total 

•  •  • 

Dec.    2... 
Total 

•  •  • 

Total 

13288 

12381     j 

5281 

6832 

*  The  catch  for  the  whole  week  in  which  the  new  or  full  moon  appeared  is  given  in  aaeh 


of  tJie  Fishery  Board  for  Scottomi, 


igi 


Tablb  XXIV.,  Showing  the  Relation  of  the  Phase  of  the  Moon  to  the  Catch  of 

Herrings  in  Loch  Fyne,  1860-1900 — continued. 


New  Moon. 

♦Catch 
in  Crans. 

Full  Moon. 

♦Catch 
in  Crans. 

New  Moon. 

♦Catch 
in  Crans. 

Full  Moon. 

♦Catch 
in  Crans. 

1866. 

1 

1869. 

Jan.  16... 

•  •  • 

Jan.     1... 

•  •  • 

Jan.  12... 

140 

Jan.  28... 

4 

Jan.  29... 

•  •  • 

Feb.  11... 

t  •  • 

Feb.  26... 

•  •  • 

Feb.  15... 

•  •  t 

Mar.  13... 

•  •  • 

Mar.  27... 

•  •  • 

Mar.  16... 

•  •  • 

Mar.    1... 

•  •  • 

Apr.  12... 
May  11... 

•  •  • 

Apr.  26... 
M!ay  25... 

•  ■  • 

Mar.  31... 

•  •  • 

•  •  • 

•  •  • 

Apr.  15... 
May  14... 

•  •  • 

Apr.  29... 
May  29... 

•  •  • 

June  10... 

530 

June  24... 

1610 

•  •  • 

•  •  • 

July    9... 

780 

July  23... 

1705 

June  12... 

73 

June  28... 

240 

Aug.    7... 

1849 

Aug.  22... 

1509 

July  12... 

234 

July  27... 

617 

Sep.     6... 

2456 

Sept  20... 

579 

Aug.  10... 

1270 

Aug.  26... 

1586 

Oct.     6... 

2168 

Oct.   20... 

302 

Sep.     9... 

908 

Sep.  24... 

570 

Nov.    3... 

245 

Nov.  19... 

5 

Oct.     8... 

3696 

Oct.   24... 

1203 

Dec.     3... 

35 

Dec.  18... 

490 

Nov.    7... 
Dec.    7... 

239 
445 

Nov.  22... 
Dec.  21... 

Total 

486 
130 

Total 

8193 

Total 

6204 

Total 

6865 

4831 

1870. 

1867. 

Jan.     2... 

145 

Jan.  17... 

320 

Jan.     6... 

200 

Jan.  20... 

Jan.  31... 

•  •  • 

Feb.  16... 
Mar.  17... 
Apr.  15... 

May  15... 
June  13... 
July  12... 
Aug.  11... 
Sep.     9... 
Oct.      9... 
Nov.    8... 
Dec.     8... 

Total 

Feb.    4... 
Mar.    6... 
Apr.    4... 
May     4... 
June    2... 
July     1... 
July  31... 
Aug.  2!K.. 
Sep.  27... 
Oct.   27... 
Nov.  26... 
Dec.  26... 

•  •  • 

•  •  • 

•  •  • 
t  ■  • 

65 

296 

30% 

2810 

1764 

766 

1470 

160 

Feb.  18... 
Mar.  20... 
Apr.  18... 
M!ay  18... 
June  17... 
July  16... 

Aug.  15... 
Sep.  14... 
Oct.   13... 
Nov.  12... 
Dec.  11... 

Total 

260 

788 

1316 
981 
451 
435 
855 

Mar.    2... 
Apr.     1... 
Apr.  30... 
Miy  30... 
June  28... 
July  28... 
Aug.  26... 
Sep.  25... 
Oct.   24... 
Nov.  23... 
Dec.  22... 

Total 

t  •  • 

•  •  • 

•  •  • 

•  t  • 

895 

2417 

1778 

3089 

725 

550 

170 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

305 
1190 
800 
544 
939 
740 
80 

9769 

Total 

10606 

5086 

4918 

1868. 

1871. 

• 

Jan.  24... 

1130 

Jan.     9... 

696 

Jan.  21... 

500 

Jan.     6... 

140 

Feb.  23... 

•  •  • 

Feb.    8... 

•  •  • 

Feb.  19... 

•  •  • 

Feb.    5. . . 

•  •  • 

Mar.  24... 

•  •  • 

Mar.    8... 

•  •  • 

Mar.  21... 

•  •  • 

Mar.    7*.. 

•  •  • 

Apr.  22... 
May  22... 

•  •  • 

Apr.    7... 
M!ay     6... 

•  •  • 

Apr.  19... 
M!ay  19... 

•  •  • 

Apr.    5. . . 
May    4... 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

June  20... 

1045 

June    5... 

530 

June  18... 

865 

June    3... 

230 

July  19... 

1800 

July    4... 

1285 

July  17... 

400 

July    2... 

1325 

Aug.  18... 

1920 

Aug.    3... 

1955 

July  31... 

249 

Sep.  16... 

3058 

Sep.     2... 

2179 

.\ug.  16... 

410 

Aug.  30... 

820 

Oct.    16... 

1363 

Oct.     1... 

1084 

Sep.   14... 

213 

Sep.  28... 

101 

Oct.  31... 

210 

Oct.    14... 

1035 

Oct.   28... 

90 

Nov.  14... 

30 

Nov.  30... 

25 

Nov.  12... 

60 

Nov.  27... 

45 

Dec.  14... 

610 

Dec.  29... 
Total 

•  •  • 

Dec.  12... 
Total 

•  •  • 

Dec.  26... 
Total 

•  •  • 

Total 

10856 

7963 

3483 

3000 

*  The  catch  for  th«  who]«  w«ek  in  which  the  new  or  full  moon  ap|>eArrd  ii  given  in  each  case. 


Fart  III. — Twenty-/^  Annual  E^mi 


Tablb  XXIV..  Showimt  Ou,  S«UtiDD  of  the  Fbue  of  Uie  Hoon  to  Uw  CMk  of 

Heirings  in  Locli  Fyne 

NewMoon 

•Catch 
InCrami 

Full  Moon 

•CaMh 
inCrana 

NewMoon 

■Catch 
inCrans 

Pull  Moon 

•Catch 
in  Craw. 

1872. 

1876. 

Jan.   10.. 

Jan.  26, 

Jan.     7.. 

Jan.  21.. 

4 

Feb.     9., 

Feb.  24. 

Feb.    6., 

Feb.  20.. 

Mm.    9.. 

Mar.  26.. 

Mm.    7.. 

Mar.  21.. 

Apr.    8.. 
1&J    7.. 

Apr.  23.. 
Miy  22.. 

Apr.    6.. 
M^y     5.. 

Apr.  20  .. 
Mij  20... 

June   6.. 

163 

June  21.. 

139 

June    3.. 

"95 

June  18.. 

m 

July    5.. 

196 

July  20.. 

300 

July     3.. 

340 

July  18... 

loaa 

Aug.    *.. 

343 

Aug.  18.. 

507 

Aim.    1.. 

1850 

Aug.  17... 

915 

Sep.     3,. 

336 

Sep.   17.. 

315 

Aug.  30.. 

203 

Oct.     2.. 

365 

Oct.    16.. 

30 

Sept.  29.. 

49 

Sept.  16,.. 

"ifi 

Nov.    I.. 

5 

Nov.    8.. 

Oct.  29., 

525 

Oct.    14... 

526 

Nov.  30.. 

850 

Nov.  27.. 

30 

Nov.  13... 

110 

Dec.  aO.. 

Dec.  14.. 
Total 

120 

Dec.  27.. 

Total 

5 

Dee.   12... 
Total 

90 

Total 

225li 

1411 

3097 

2904 

1873. 

1876. 

Feb.  2?!!! 
Mw.  28... 

Jan.   13.. 
Feb.  12.. 
Mar.  14.. 

Jan.  26... 
Feb.  26... 
Mar.  25... 

Jan.  11... 
Feb.    9... 
Mar.  10... 

30 

Apr.  26... 
May  26... 
June  24... 
July  24... 
Aug.  23... 
Sept.  21... 
Oct.   21... 
Nov.  20... 
Doc.  19... 

310 
263 
16 
36 

Apr.  12.. 
Ms.y.  12.. 
June  10.. 
July  10.. 
Aug.    8.. 
Sept.   6... 
Oct.     6.. 
Nov.    4... 
Deo.    4... 

Total 

125 
370 
13 
52 
94 

Apr.  24... 
May  23... 
Juio  21... 
July  21... 
Aug.  19... 
Sept.  17... 
Oct.    17... 
Nov.  16... 
Dec.  16... 

Total 

162 
910 
609 
429 
989 
168 

Apr.    8... 
W&y    8... 
June    7... 
July    6... 
.4ug.    6... 
Sept,    3... 
Oct      3... 
Nov,    1... 
Dec.     1... 
Dec.  30... 

Total 

"48 
446 

122! 
682 
436 
900 
617 

Total 

625 

664 

4380 

1874. 

1877. 

Jan.   18... 

Jan.     2... 

Jan.  14... 

Jan.  29... 

Feb.  16... 

Feb.     1... 

Feb.  13„, 

Feb.  27... 

Mar.  18... 

Mar.    3... 

Mar.  15... 

Mar.  29... 

Apr.  16... 
M^y  16... 

Apr.    1... 
MAy     I... 

Apr.  13... 
M&y.  W... 

Apr.  27... 
May  27... 

June  14... 

"75 

June  29... 

260 

June  11,.. 

"24 

June  25... 

600 

July  13... 

275 

July  20... 

July  10... 

897 

July  26.,. 

702 

Aug.  12... 

98 

Aug.  27... 

301 

Aug.    9... 

1736 

Am..  23.,. 

423 

Sept.  10... 

366 

Sept.  25... 

369 

Sept.   7... 

1371 

Sept  22... 

697 

Oct.   10... 

30 

Oct.  25... 

170 

Oct.     6,.. 

1687 

0<*.  22... 

ISO 

Nov.    9... 

2 

Not.  23... 

Nov.    5... 

60 

Nov.  20... 

Dhc.     9... 

Dec.  23... 

Dec.    4... 

Deo.  20... 

Total 

848 

Total 

1318 

Total 

6674 

Total 

2BD3 

*  The  catch  foi  thenli-iIeiieaVniKUAUtQni 


IT  rail  moon  appeared  U  gbna  in  wdi  <•••■ 


of  the  Fishery  Board  for  Scotland. 
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Tablb  XXIV.,  Shoiving  the  Relation  of  the  Ph&ie  of  the  Moon  to  the  Catch  of 

Herrings  in  Loch  Fyne,  1860-1900 — C4n^fvued. 


New  Moon. 

*C«tch 
inCrans. 

Full  Moon. 

•Catch 
inCrans. 

New  Moon. 

•Catch 
inCrans. 

Full  Moon. 

•Catch 
inCrans. 

1878. 

1881. 

« 

Jan.     3... 

Jan.  19... 

Jan.  30... 

Jan.  16... 

Feb.    2... 

Feb.  17... 

Feb.  28... 

Feb.  14... 

Mar.    4. . . 

Mar.  18... 

Mar.  29... 

Mar.  15... 

Apr.    2... 
M&y.    2... 

Apr.  17... 
M&y  16... 

Apr.  28... 
May  27... 

Apr.  14... 
M!ay  13... 

June    1... 

June  14... 

322 

June  26... 

1136 

June  12... 

1165 

June  31... 

660 

July  26... 

2636 

July  11... 

186 

July  29... 

972 

July  14... 

1466 

Aug.  24... 

1331 

Aug.    9... 

1968 

Aug.  28... 

67 

Aug.  13... 

47 

Sept  23... 

883 

Sept.   8. . . 

1121 

Sept.  26... 

4 

Sept.  11... 

37 

Oct.   23... 

1750 

Oct.     7... 

60 

Oct.   26... 

10 

Oct.   11... 

•  •  • 

Nov.  21... 

960 

Nov.    6... 

600 

Nov.  24... 

260 

Nov.  10... 

350 

Dec.  21  .. 

•  •  • 

Dec.    6... 

400 

Dec.  23... 

Dec.     9... 

30 

•  •  • 

Total 

8596 

Total 

5600 

Total 

1943 

Total 

2261 

M,%JUBkX 

1882. 

W<7t/ 

X  \J%AmA 

WVfvr 

1879. 

Jan.  19... 

Jan.     4. . . 

Jan.  22... 

•  •  • 

Jan.     8... 

Feb.  18... 

Feb.    3. . . 

Feb.  21... 

Feb.    7... 

Mar.  19... 

Mar.    5... 

Mar.  22... 

•  •  • 

Mar.    9... 

Apr.  17... 
M!ay  17... 

Apr.    3... 
May    3... 

Apr.  21... 
May  21... 

•  •  • 

Apr.    6. . . 
M!ay    6... 

•  •  • 

June  16... 

"46 

June    1... 

*23 

June  19... 

276 

June    4... 

393 

July  16... 

1784 

July    1... 

3586 

July  19... 

980 

July    3... 

814 

July  30... 

1780 

Aug.  17... 

1963 

Aug.    2... 

2076 

Aug.  13... 

3370 

Aug.  28... 

313 

Aug.  31... 

1304 

Sept.  12... 

2602 

Sept.  27... 

992 

Sept.  16... 

726 

Sept.  30... 

201 

Oct.    12... 

2894 

Oct.   26... 

6240 

Oct.   15... 

840 

Oct.   30... 

160 

Nov.  10... 

3668 

Nov.  26... 

2327 

Nov.  14... 

70 

Nov.  28... 

6 

Dec.  10... 

6 

Dec.  24... 

•  •  • 

x^ec.  Xo... 

Dec.  28... 

•  ■  • 

•  •  • 

Total 

14169 

Ti.ial 

14260 

Total 

4864 

Total 

4963 

1883. 

xvxw 

i  *  <  K«A 

X^MtW 

1880. 

Jan.    9... 

Jan.  23... 

Jan.  11... 

Jan.  27... 

Feb.    7... 

Feb.  22... 

Feb.  10... 

Feb.  26... 

Mar.    9... 

Mar.  83... 

Mar.  11... 

Mar.  26... 

Apr.    7... 
May     6... 
June    6... 

Apr.  22... 
May  22... 
June  20... 

Apr.     9... 
Miy     9... 

Apr.  24... 
May  24... 

... 
... 

'6 

1435 

June    7... 

190 

June  22... 

342 

July    4... 

1594 

July  20... 

1977 

July    7... 

2650 

July  21... 

1611 

Aug.    3... 

2427 

Aug.  1  ... 

1384 

Aug.    6... 

1640 

Aug.  20... 

618 

Sept.   1... 

1692 

Sept.  16... 

1606 

Sept.   4... 

620 

Sept.  28... 

487 

Oct.     1... 

3647 

Oct.   16... 

8 

Oct.     4... 

440 

Oct.   28... 

220 

Oct.   30... 

1158 

Nov.    2... 

890 

Nov.  26... 

610 

Nov.  29... 

333 

Nov.  14... 

165 

Dec.    2... 

660 

Dec.  26... 
Total 

•  •  • 

Dec.  29... 
Total 

.  .• 

Dec.  14... 
Total 

... 

Total 

6880 

3788 

10857 

6475 

*  Tb«  catoh  for  the  wind*  w«ek  in  whioh  the  new  or  fall  moon  up^pmnd  ligivMi  in  mot  cam. 
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Part  III.---  TwerUy-fifth  Annual  Report 


Table  XXIV.,  Showing  the  Relation  of  the  Phase  of  the  Moon  to  the  Catch  of 

HeningB  in  Loch  Fyne,  1860-1900— cotUtnuid. 


New  Moon. 


1884. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


28... 
26... 
27... 
25... 
24... 
23... 
22... 
20... 
19... 
19... 
17... 
17... 


Total 


♦Catch 
inCrans. 


1886. 

Jan.  16. . . 
Feb.  16... 
Mar.  16... 

Apr.  16... 
M!ay  14... 
June  12... 
July  12... 
Aug.  10... 
Sep.  8. . . 
Oct.  8... 
Nov.  6... 
Dec.     6... 

Total 


1886. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


5... 

4... 

6... 

4... 

4... 

2... 

1... 
31... 
29... 
27... 
27... 
26... 
26... 


Total 


1284 

1186 

1646 

792 

14 


4822 


1744 
1746 
906 
1643 
3060 


9087 


681 

1602 

696 

1082 

120 

43 

96 


4019 


Full  Moon. 


Jan.  12... 
Feb.  11... 
Mar.  11... 
Apr.  10... 
May  10... 
June  8... 
July  8... 
Aug.  6... 
Sept.  6... 
Oct.  4... 
Nov.  3... 
Dec.     2... 

Total 


•Catch 
inCrans. 


Jan.     1... 

Mar.  1... 
Mar.  30... 
Apr.  29... 
Miy  28... 
June  27... 
July  27... 
Aug.  26... 
Sep.  24... 
Oct.  23... 
Nov.  22... 
Dec.  21... 

Total 


Jan.  20... 
Feb.  18... 
Mar.  20... 
Apr.  18... 
May  18... 
June  16... 
July  16... 

Aug.  14... 
Sep.  13. . . 
Oct.  13... 
Nov.  11... 
Dec.  11... 

Total 


480 

990 

1288 

248 

63 


3069 


2112 

969 

1361 

•  •  • 

9 


4441 


451 
912 

1261 

662 

63 

46 


3276 


New  Moon. 


1887. 

Jan.  24... 
Feb.  22... 
Mar.  24... 
Apr.  23... 
May  22... 
June  21... 
July  20... 
Aug.  19... 
Sep.  17... 
Oct.   16... 

Nov.  15... 
Dec.  14... 

Total 


•Catch 
inCrana. 


1888. 

Jan.  13... 
Feb.  11... 
Mar.  12... 
Apr.  11... 
May  11... 
June  9... 
July  9... 
Aug.  7... 
Sep.  6... 
Oct.  6... 
Nov.  4... 
x^ec.    o. . . 

Total 


1889. 

Jan.     1... 

Mar.  1... 
Mar.  31... 
Apr.  30... 
May  29... 
June  28... 
July  28... 
Aug.  26... 
Sep.  25... 
Oct.  24... 
Nov.  23... 
Dec.  22... 

Total 


383 
676 
1769 
392 
716 
184 


4019 


6097i 


449 
1397i 
1666 
1826 
1671 

493 


7490^ 


Full  Moon. 


•Catch 
inCnms. 


Jan. 
Feb. 


(7.  .  . 
O.  •  • 


Mar. 

<7.  .  . 

Apr. 
liay 

7... 

June 

'^. .. 

July 

•!)•.. 

Aug. 

3... 

Sep. 

2... 

Oct. 

2... 

Oct.   31... 
Nov.  30... 

Total 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


28... 
27... 
27... 
26... 
26... 
23... 
23... 
21... 
20... 
19... 
18... 
18... 


Total 


Jan.  17... 
Feb.  16.. 

Mar.  17... 
Apr.  16.., 
mAy  16... 
June  13... 
July  12... 
Aug.  11... 
Sep.  9... 
Oct.  9.. 
Nov.  7... 
Dec.     7... 

Total 


625 
940 
268 
1289 
413 

20 
168 

22 


3645 


184 

1738 

1073 

64 

267 


3326 


4648 


*  The  oatch  for  the  w\\o\q  Nieok.  \\i  '^wY^cYi  \&!a  Ti<dNT  or  full  moou  appeared  is  gmn  in 


of  the  Fishery  Board  for  Scotland, 
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Tablb  XXIV.,  Showing  the  Relation  of  the  Phase  of  the  Moon  to  the  Catch  o 

Herrings  in  Loch  Fyne,  1860-1900 — continued. 


New  Moon. 

•Catch 
in  CranR. 

Full  Moon. 

♦Catch 
inCrans. 

New  Moon. 

•Catch 
inCrans. 

Full  Moon. 

♦Catch 
inCrans. 

1890. 

1893. 

Jan.  20... 

•  •  • 

Jan.     6. . . 

•  •  • 

Jan.  18... 

•  •  • 

Jan.     2... 

•  •  • 

Feb.  19... 

•  •  • 

Feb.    5. . . 

•  •  • 

Feb.  16... 

•  •  • 

Feb.    1... 

•  •  • 

Mar.  20... 

•  •  • 

Mar.    6. . . 

•  •  • 

Mar.  18... 

«  •  • 

Mar.    2. . . 

•  •  • 

Apr.  19... 
May  18... 

•  • 

Apr.    6. . . 
Miy    4... 

•  •  • 

•  •  • 

Apr.  16... 
May  15... 

•  •  • 

•  •  • 

M!ay  30... 

•  •  • 

•  •  • 

June  17... 

268 

June    3. . . 

160 

June  14... 

464 

June  29... 

1237 

July  17... 

3006 

July    2... 

2213 

July  13... 

3577^ 

July  28... 

3320 

Aug.  16... 

3373^ 

Aug.  30... 

800^ 

Aug.  11... 

2866t 

Aug.  27... 

1669} 

Sep.  14... 

116l| 

Sep.  28... 

•  •  • 

Sep.  10... 

686| 

Sep.  26... 

364 

Oct.    13... 

698 

Oct.    27... 

303 

Oct.     9... 

17 

Oct.   25... 

436 

Nov.  12... 

184 

Nov.  26... 

1417 

Nov.    8... 

800 

Nov.  23... 

345 

Dec.  12... 

1336 
10017 

Dec.  26... 
Total 

964 

6847i 

Dec.     8... 
Total 

412 

Dec.  23... 
ToUl 

1000 

TotAl 

8823} 

8261} 

1891. 

1894. 

Jan.  10... 

•  •  ■ 

Jan.  26... 

•  •  • 

Jan.     7... 

•  ■  • 

Jan.  21... 

•  •  • 

Feb.    9... 

•  •  • 

Feb.  23... 

■  •  • 

Feb.    6... 

•  •  • 

Feb.  20... 

•  •  • 

Mar.  10... 

•  •  • 

Mar.  26... 

1 

•  •  • 

Mar.    7... 

•  •  • 

Mar.  21... 

•  •  • 

Apr.    8... 
May     8... 

•  •  • 

•  •  • 

Apr.  24... 
M!ay  23... 

1 

•  •  • 

Apr.    6. . . 
M^ay     5... 

•  •  • 
»  •  • 

Apr.  20... 
Miy  19... 

•  •  • 

•  •  • 

June    6... 

779 

June  22... 

;^58 

June    3. . . 

66 

June  18... 

1126 

July    6... 

1562 

July  21... 

1966 

July    3... 

2946 

July  17... 

1428 

Aug.    4... 

1069J 
426| 

Aug.  19... 

996 

Aug.    1... 

4136 

Aug.  16... 

769} 

Sep.     3... 

Sep.  18... 

988| 

Aug.  30... 

1089 

Oct.     3... 

792 

Oct.   17... 

1016 

Sep.  29... 

1126 

Sep.  15... 

607 

Nov.    1... 

6001 

Nov.  16... 

1693 

Oct.   28... 

20 

Oct.   14... 

424 

x^ec .     X . . . 

968 

Dec.  16... 

1016 

Nov.  27... 

2367 

Nov.  13... 

610 

Dec.  31... 

2253 

Total 

7931} 

Dec.  27... 
Total 

1673 

Dec.  12... 
Total 

2229 

Total 

128401 

13312 

7082} 

1892. 

1895. 

Jan.  29... 

•  •  • 

Jan.  14... 

•  •  • 

Jan.  26... 

•  •  • 

Jan.  11... 

.  •• 

Feb.  28... 

•  •  • 

Feb.  12... 

•  •  • 

Feb.  24... 

•  •  • 

Feb.    9... 

... 

Mar.  28... 

•  •  • 

Mar.  13... 

•  •  • 

Mar.  26... 

•  •  • 

Mar.  11... 

... 

Apr.  26... 
M!ay  26... 

■  •  • 

•  •  • 

Apr.  12... 
M&y  11... 

•  •  • 

•  •  • 

Apr.  26... 
Mlay  24... 

•  •  • 

•  t  • 

Apr.    9... 
May    8. . . 

... 

June  24... 

1118 

June  12... 

709 

June  22... 

448 

June    7... 

263 

July  23... 

4056} 

July  10... 

1096 

July  22... 

1029 

July    6... 

1458 

Aug.  22... 

2603 

Aug.    8. . . 

1806 

Aug.  20... 

359} 

Aug.    6... 

1249} 

Sep.  21... 

2038 

Sep.     6. . . 

2296^ 

Sep.  18... 

134 

Sep.     4. . . 

955 

Oct.   20... 

1014 

Oct.     6... 

1449 

Oct.   18... 

49 

Oct.     3... 

27 

Nov.  19... 

211 

Nov.    4... 

679 

Nov.  16... 

177 

Nov.    2... 

18} 

Dec.  19... 

2000 

Dec.    4... 
Total 

1000 

Dec.  16... 
Total 

213 

uec.    ^. .  • 
Total 

2X7 

Totol 

12939i 

9034} 

2409} 

4198 

*  The  eatoh  for  th«  whole  week  in  whioh  the  new  or  fall  moon  appeared  is  given  in  each  oMe. 
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Tabli  XXrV.,  Showing  the  Relation  of  the  Phase  of  the  Moon  to  the  Catch  of 
»  '  Herrings  in  Loch  Fyne,  1860-1900 — eorUtnueii. 


New  Moon. 


•Catch 
inCrans. 


1896. 

Jan.  14... 
Feb.  13... 
Mar.  14... 
Apr.  13...  I 
MLay  12... 
June  11... 
July  10... 
Aug.  9... 
Sep.  7... 
Oct.  6... 
Nov.    6... 

UOC.      4... 

Totol 


1897. 


Jan. 
Feb. 
Mar. 
Apr. 
May 


1... 

o.. . 

2... 
1... 


May  31... 
June  30... 
July  29... 
Aug.  28... 
Sept.  26... 
Oct.  26... 
Nov.  24... 
Dec.  23... 

Total 


1898. 

Jan.  22... 
Feb.  20... 
Mar.  22... 
Apr.  20... 
May  20... 
June  19... 
July  18... 


236 
906 
491 
684 
664 
1616 
128 


4613 


Full  Moon. 


719 
2222 
2216 
2302 
2121 
2949 
1320 


13849 


971 
3960 


Jan.  30... 
Feb.  28... 
Mar.  29... 
Apr.  27... 
May  26... 
June  26... 
July  24... 
Aug.  23... 
Sep.  21... 
Oct.  21... 
Nov.  20... 
Dec.  20... 

Total 


•Catch 
LnCrans. 


Jan.  18. . . 
Feb.  17... 
Mar.  18... 
Apr.  17... 
M!ay  16... 

June  14... 
July  14... 
Aug.  12... 
Sept.  11... 
Oct.  10... 
Nov.  9... 
Dec.     9... 

Total 


Jan. 

Feb. 

Mar. 

Apr. 

Miy 

June 

July 


o. .. 

6... 

o... 

6... 
6... 
4... 

o. . . 


668 
763 
429 
246 
65 
427 


2678 


164 

1307 

3204 

6831 

320 

886 

70 


11772 


96 
2047 


New  Moon. 


1898  (co 

Aug.  17... 
Sept.  16. . . 
Oct.  16. . . 
Nov.  14... 
Dec.  13... 

Total 


1899. 

Jan.  11.. 
Feb.  10.. 
Mar.  11.. 
Apr.  10.. 
May  9.. 
June  8.. 
July  7.. 
Aug.  6.. 
Sept.  6.. 
Oct.  4.. 
Nov.  3.. 
Dec.  3.. 

Total 


•Catch 
inCrans. 


Full  Moon. 


nt'd). 

2001 

1697 

1212 

610 


10361 


1900. 


Jan. 

Jan. 

Mar. 

Mat. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


2... 
31... I 

1       i 

X. .  .j 

«IU. .. 
29... 
28... 
27... 
26... 
26... 
23... 
23... 
22... 
22... 


Total 


♦Catch 
in  dam. 


678 
1832 
3320 

679 

740 
1079 

644 


8872 


124 

1636 

1194 

2480 

1129 

97 

626 

33 


7187 


Aug.  2.. 
Sept.  29.. 
Oct.  29.. 
Nov.  28.. 
Dec.  27.. 

Total 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


26... 
26... 
27... 
26... 
26... 
23... 
22... 
21... 
19... 
18... 
17... 
17... 


Total 


Jan.  16... 
Feb.  14... 
Mar.  16... 

Apr.  15... 
Mfay  14... 
June  13... 
July  12... 
Aug.  10... 
Sept.  9... 
Oct.  8... 
Nov.  6... 
Dec.    6. . , 

Total 


1880 
639 
481 

1383 


6425 


1386 
2666 
934 
329 
360 
437 
134 


6246 


417 

1467 

367 

611 

232 

24 

1399 


4397 


The  catch  for  the  whole  week  in  which  the  new  or  full  moon  appeared  is  gi?ea  in  eacii 
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II.— THE  FOOD  VALUE  OF  THE  HERRING. 

By  T.  H.  MiLROT,  M.D.,  B.Sc,  F.R.S.E.,  Professor  of  Physiology, 

Queen's  College,  Belfast. 

Part  II. 


The  Hsrrino  of  the  East  Coast  of  Sootlahd. 

In  my  previous  paper,  published  in  last  year's  Report,  I  dealt  with  the 
food  value  of  the  herring  in  the  Loch  Fyne  and  neighbouring  areas,  and, 
at  the  desire  of  the  Fishery  Board,  I  have  carried  out  a  similar  investiga- 
tion dealing  with  the  fish  of  the  East  Coast.  The  general  plan  of 
investigation  was  the  same  in  the  later  investigation.  In  only  one 
important  respect  did  it  differ,  namely,  in  the  addition  of  one  analysis, 
that  of  the  coagulable  proteids  of  the  muscle  of  herring. 

It  is  therefore  only  necessary  to  describe  this  method  of  analysis,  and 
the  reader  is  referred  to  the  earlier  paper  for  a  description  of  the  other 
methods. 

Under  the  heading  *'  Proteid "  in  the  analytical  tables  of  the  earlier 
paper  the  amounts  were  given  as  calculated  from  the  total 
nitrogen  of  the  mnscle,  multiplied  by  the  *'  proteid  "  factor,  6*25. 

In  this  investigation  it  was  thought  advisable  to  estimate  the  coagulable 
proteid. 

The  method  of  estimation  was  as  follows : — 

Five  grammes  of  minced  fresh  muscle  were  taken  and  placed  in  a  mor- 
tar and  5  grammes  of  absolutely  anhydrous  sodium  sulphate  were  added. 
The  salt  and  the  muscle  were  thoroughly  mixed  together  so  that  the 
water  of  the  latter  might  be  taken  up  by  the  former  anhydrous  salt. 
About  lOOcc.  methylated  spirit  were  then  added,  and  the  mixture  placed 
in  a  flask  with  a  reflux  condenser  fitted  to  it.  The  mixture  was  then 
boiled  for  about  three-quarters  of  an  hour  to  ensure  complete  coagulation 
of  the  muscle  proteids.  The  alcohol  was  then  decanted  off  and  the  residue 
extracted  with  fresh  quantities  of  boiling  distilled  water  until  the  wash- 
ings were  free  from  sulphate.  The  coagulated  muscle  proteid,  which  was 
then  left,  was  incinerated  with  sulphuric  acid,  cupric  and  potassium  sul- 
phate, and  the  nitrogen  estimated  in  the  usual  way  by  Ejeldahrs  method. 
On  multiplying  the  amount  of  nitrogen  by  6*25  the  amount  of  ''coagul- 
able "  prot^  was  obtained. 

The  results  of  the  analyses  are  given  in  the  following  tables,  which 
deal  with  the  several  batches  of  herrings  sent  to  me  by  the  Fishery 
Board. 

In  conclusion,  I  have  given  a  table  collecting  the  results  of  the  analyses 
of  the  muscle  of  the  female  fish  at  various  stages  of  reproductive  activity. 
It  was  not  necessary  in  this  investigation  to  analyse  the  ovarian  substance, 
as  that  was  done  siLfliciently  thoroughlv  in  the  earlier  paper. 

Under  the  heading  "  Per  average  fish "  the  amounts  of  the  various 
nutritive  principles  in  the  average  fish  of  the  series  are  given  after 
deduction  of  one-thizd  of  the  weight  to  cover  the  amount  of  bones, 
skin,  &c. 
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Fraserburgh,  July  7,  1906. 


These  herrings  were  caaght  30  miles  N.N.E.  from  Kinmtird  Head,  and 
were  of  the  class  known  as  '*  Fulls.''  In  the  catch,  however,  which  would 
be  about  25  crans,  the  bulk  consisted  of  much  smaller  immature  fish. 


*Length. 

Girth. 

Weight. 

Ovaries. 

Diameter  of 
Ova. 

Cm. 

25 

26 

26 

26 

26 

Cm. 
U\ 
15i 
14| 
13i 
14 

Gm. 
163 
204 
190 
161 
175 

Gm. 
16-66 
30-50 
33  02 
20-35 
17-19 

Mm. 

-6--8 

•9 

•9 

•6--7 

•6--7 

Avg.  26 

14 

1786 

23-54 

*The  measurem«nt8  (length  and  gprth)  are  given  in  centimetroB,  and  the  weights  in 
grammes.    The  diameter  of  the  ova  is  given  in  millimetres. 

The  muscle  of  the  male  fish  was  also  analysed,  but  the  results  of  the 
analyses  were  practically  identical  with  the  female  muscle,  and  so  will 
not  be  given. 

Freth  Muscle  of  Females  : — 


(a)  Percentages. 

Water.  Totel  Proteid.     Coagulable  Proteid. 

65-24  19-21  16^50 


Fat. 
12-44 


(h)  Per  average  fish  (muscles). 

Total  Proteid.  Coagulable  Proteid. 

22-85  19-63 


Fat. 
14-80 


Brbssat,  Shetland,  Jult  10,  1906. 

These  herrings  were  sent  by  the  fishery  officer,  labelled  "  Fulls,"  but, 
as  will  be  seen  from  the  table,  they  were  by  no  means  fully  developed. 


Length. 

Girth. 

Weight 

Weight  of 
Ovaries. 

Diameter  of 
Ova. 

26^ 

28 

26 

28 

27 

29 

27 

13* 

I3j 

13 

131 

13| 

14 

13 

170 
178 
155 
184 
156 
198 
176 

6-75 
5-20 
3-61 
5-15 
15-31 
20-80 
5-35 

•45 

-45 

•45 

-45 

•50 

•4--5 

-35~-4 

Avg.  27-3 

13-4 

174 

8-88 

of  tJie  Fishery  Board  far  Scotland. 
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(a)  Percentages. 

Water.  Total  Proteid.    Coagulable  Proteid. 

60-83  19-21  16-26 

(6)  Per  average  fish  (muscles). 

Total  Proteid.  Coagulable  Proteid. 

22-28  18-86 


Fat. 
14-68 


Fat. 
17  02 


As  the  muscles  of  the  male  fish  were  richer  in  fat  than  those  of  the 
females,  the  analyses  are  also  given. 

Malea  (Bressay  Herring) — Measuremente. 


Length. 

Girth. 

Weight. 

Weight  of  Testes. 

26 

13 

142 

23-0 

28 

14 

205 

17-2 

26 

14 

181 

22-5 

27 

13 

147 

5-1 

25 

14 

142 

21-7 

26 

14 

184 

19-1 

Avg.  26*3 

13-6 

167 

18-1 

(a)  Percentages. 

Water.  Total  Proteid.  Coagulable  Proteid.  Fat. 

57-55  20-60  1354  1714 

(h)  Per  average  fish. 

Total  Proteid.  Coagulable  Proteid.  Fat. 

22  94  15-08  1909 


Lbrwiok,  August  9,  1906. 

Three  batches  of  herrings  were  sent  on  August  9,  by  Mr.  R.  Duthie, 
classed  respectively  as  ''Fulhs/'  *' Matties/'  and  "  Spents."  As  there 
were,  however,  differences  in  those  sent  as  ''  Matties,"  these  were  sub- 
divided into  two  sets. 

A. — Eight  Large  Full  Herrings — Five  Females, 

Females. 


Length. 

Girth. 

Weight. 

Weight  of 
Genitals. 

Diameter  of 
Ova. 

31 
30 
30 
31 
32 

15-5 

15-5 

14 

15 

16 

245 

241 
212 
247 
282 

60-4 
51-8 
33-8 
56-5 
51-8 

•9 
1-0 
•9 
•9 
•8 

Avg.  30-8 

15-2 

245-4 

50-8 

•9 

200 


Part  III, — TwetUy-fifih  Annual  Report 


Males, 


Length. 

GirUi. 

Weight. 

Weight  of 
Genitals. 

30 
30 
30 

15 
15 
16 

234 

202 
267 

51-9 
35-4 
55*9 

Avg.  30 

15-3 

234 

• 

47-7 

A.  Muscle  (Femalee). 

(a)  Percentages. 

Water.  Total  Proteid. 

65-25  21-26 


Coag.  Proteid. 
16-37 


Fat. 
7-53 


(6)  Per  average  fish. 

Total  Proteid. 
34-78 

A.  Muede  {Males). 

(a)  Percentages. 

Water.  Total  Proteid. 

64-20  21-67 

{b)  Per  average  fish. 

Total  Proteid. 
33-80 


Coag.  Proteid. 
26-78 


Coag.  Proteid. 
18-28 


Coag.  Proteid. 
28-51 


Fat. 
12-31 


Fat. 
9-72 


Fat. 
15-16 


B.— <«  Matties  '*  sent  from  Lerwick,  August  9,  1906. 

As  some  of  the  herring  sent  were  spent  and  others  contained  moderately 
large  ovaries  with  fairly  well  developed  ova,  they  were  divided  into  two 
sets — B.  and  Ba. 

B. 


Length. 

Girth. 

Weight. 

Weight  of 
Ovaries. 

Diameter 
Ova. 

24-5 
25-5 

13 

13 

134 
140 

15-5 
15-5 

-7 
•7 

25 

13 

137 

15-5 

-7 

(a)  Percentages. 

Water.            Total  Proteid. 

Coag.  Proteid. 

Fat 

5727                    21-10 

16-90 

16-68 

ofiht  Fithetff  Bodrdfor  Seotkmd. 
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(5)  Per  average  fiah. 

/ 

Total  Proteid. 

Coag.  Proteid. 

Fat. 

19*28 

16-44 

15-24 

BA.—Lennek  (Auguii  9,  1906). 


Length. 

Girth. 

Weight 

Weight  of 
Ovariee. 

Diameter  of 
Ova. 

27 
26 
26 
26 

11 
12 
12 
13 

130 
132 
120 
138 

2-2 
0-2 
1-4 
1-4      . 

Spent 

if 

99 

Avg.  26-25 

12 

130 

1-3 

•  •• 

There  were  large  numbers  of  very  immature  ova  within  the  capsules  of 
the  spent  ovaries. 


(a)  Percentages. 

Water.  Total  Proteid. 

63-24  21-67 

(6)  Per  average  fish. 

Total  Proteid* 
18-78 


Coag.  Proteid. 


Tat 
10-42 


Coag.  Proteid. 


Fat 
9-03 


C.—SperU  Herringa  {Lerwick),  August  9,  1906. 

Females. 


Length. 

Girth. 

Weight. 

Weight  of 
Ovaries. 

Ova. 

29 
30 
29 
28 
28 

13 
14 
13 
13 

14 

163 
180 
147 
160 
158 

21 
2-7 
1-3 
2-0 
2-0 

• 

Spent,    but 
with   large 
numbers  of 
very  small 
ova,    -05- 
1mm. 

Avg.  28-8 

13-4 

159-6 

202 

(a)  Percentages. 

Water.  Total  Proteid. 

67-29  19-02 

(b)  Per  average  fish. 

Total  Ptoteid. 
20-23 


Coag.  Proteid.  Fat 

16-00  8-19 


Coag.  PK>teid.  Fat 

1702  8-71 
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C— ifofef. 


Length. 

Girth. 

Weight. 

Weight  of  Testes. 

28 

13 

138 

1-4 

31 

14 

214 

2-8 

29 

14 

178 

2-9 

28 

13 

130 

1-8 

29 

13 

165 

1-9 

ATg.    29 

13-4 

174 

2-16 

(a)  Percentages. 

Water.  Total  Proteid. 

66-65  22-23 

(6)  Per  average  fish. 

Total  Proteid. 
25-78 


Ck)ag.  Proteid. 
17-20 


Coag.  Proteid. 
19-95 


Fat. 
6-57 


Fat. 
7-62 


EiNNAiBD  Head,  August  9,  1906. 

Four  batches  of  herrings  were  sent  on  August  9,  1906.  They  were 
caught  18  miles  north-east  from  Kinnaird  Head,  and  were  labelled  by 
the  fishery  officer  as— No.  I.,  "Large  Fulls";  No.  II.,  "Spents"; 
No.  III.,  "  Matt.  Fulls  "  ;  No.  IV.,  "  Matties."  I  shall  give  the  analyses 
of  each  set  in  the  above  order. 

No.  I.—"  Large  FulkJ' 
Females, 


Length. 

Girth. 

Weight. 

Weight  of 
Ovaries. 

Diameter  of 
Ova. 

29 
29 
30 
29 
29 
29 

16 
15 
15 
17 
14 
14 

230 
215 
228 
231 
223 
213 

49 
41 
51 
51 
43 
45 

1mm. 
•8--9 
-8--9 
-9 

•8--9 
•9 

Avg.  29-1 

15-1 

223-3 

466 

(a)  Percentages. 

Water.  Total  Proteid. 

64-84  20-28 

(b)  Per  average  fish. 

Total  Proteid. 
3019 


Coag.  Proteid. 
13-28 


Coag.  Proteid 
19-77 


Fat. 
9-06 


Fat. 
13-49 
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No.  l,—M<de$. 


Length 

GirtJi. 

Weight. 

Weight  of  Teetes. 

29 

15 

219 

42 

29 

15 

213 

44 

29 

15 

215 

42 

29 

14 

198 

40 

29 

17 

240 

50 

30 

15 

237 

43 

Avg.  29 

151 

220-3 

43-5 

(a)  Percentages. 

Water.  Total  Proteid. 

63-72  20-39 

(6)  Per  average  fish. 

Total  Proteid. 
29-95 


Coag.  Proteid. 
17-28 


Coag.  Proteid. 
25-38 


Fat. 
8*43 


Fat. 
12-38 


No.  II.— "  iS/?en/«,"  August  9,  1906. 


Length. 

Girth. 

Weight. 

Weight  of 
Ovaries. 

Ova. 

30 
30 
28 
29 
28 

12 

13      • 
13 
12 
11 

135 
159 
157 
150 
148 

1-65 
2-00 
207 
1-97 
2  44 

Spent   ovaries,   but 
large   numbers  of 
developing      ova 
present. 

Avg.  29 

12-2 

149-8 

2-02 

(a)  Percentages. 

Water.  Total  Proteid. 

65-09  19-90 

(6)  Per  average  fish. 

Total  Proteid. 
19-18 


Coag.  Proteid.. 
12-66 


Coag.  Proteid. 
12-64 


Fat. 
614 


Fat. 
6*14 


No.  in.—"  Mait,  FulU;'  August  9.  1906. 


Length. 

Girth. 

Weight. 

Weight  of 
Ovaries. 

Diameter 
of  Ova. 

26 
25 
25 
25 
25 

13j 

13* 
13 

13 

167 
153 
152 
148 
134 

26-7 
17-7 
26-8 
28-5 
15-5 

•9 

-9 

•9 

-9-1 

•9 

AvK.  25-2 

13-3 

150-8 

2304 
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(a)  Percentages. 

Water.  Total  Proteid. 

67-29  23-81^ 

(b)  Per  average  fish. 

Total  Proteid. 
23-81 


Goag.  Proteid. 
1731 


Goag.  Proteid. 
17-31 


Fat. 
1613 


Fat. 
16-13 


No.  IV.— "  ifo/^iei,"  August  9,  1906. 


Length. 

Girth. 

Weight. 

Weight  of 
Ovaries. 

Diameter  of 
Ova. 

235 

23-5 

23-5 

24 

24 

24-5 

23 

11 

11-6 

10-6 

12 

12 

11 

10-6 

99 
112 
102 
114 
124 
111 
100 

8-4 
3-6 
6-8 
1-8 
0-6 
1-0 
30 

•5-7 

•4--5 

•6 

•4 
•08-1 
•08-1 

•4 

Avg.  23-7 

112 

108 

3-6 

(a)  Percentages. 

Water.  Total  Proteid. 

55-72  2116 

(5)  Per  average  fish. 

Total  Proteid. 
1523 


Goag.  Proteid. 
16-92    • 


Goag.  Proteid. 
12-18 


Fat. 
1560 


Fat. 
1116 


Lerwick,  Seftkmbkr  1,  1906. 

Two  boxes  of  herrings  were  sent  from  Lerwick,  one  set  being  mature 
and  the  other  spent. 

As  a  very  large  number  were  measured  and  weighed,  it  will  be  sufficient 
in  each  case  simply  to  give  the  average  measurements  and  weights. 


I. — Large  Mature  Herring, 


Length. 
Avg.     29-5 

The  herring  were  just  about  to  spawn. 


Girth. 
15 


Weight, 
240 


Weight  of 

Ovaries. 

50 


(a)  Percentages. 

Water.  Total  Proteid. 

60-23  20-72 

(6)  Per  average  fish. 

Total  Proteid. 
33-15 


Goag.  Proteid. 
16*92 


Goag.  Proteid. 
2707 


Diameter 

of  Ova. 

1-2 


Fat. 
12-44 


Fkt 
19-90 


of  the  Fithery  Bot^dfor  Scotland. 
II. — Spent  Herring  {Lerwiek),  September  1,  191 


UDgth. 

Girth. 

Weight. 

Weight  of  Ovkrifls. 

Avg.  29 

13 

171 

These  conaiited  only  of  col- 
lapsed membranes  contain- 
ing large  numbers  of  rery 
■mall  ova. 

(n)  Percentages. 

Water.         Total  Proteid.   Goag.  Froteid.        Fat. 
63-51  23-66  17-20  9-32 

(b)  Per  arerage  fish. 

Total  Proteid.         Coog.  Proteid.  Fat. 

2670  19-60  1063 

In  Older  to  be  able  readily  to  compare  the  composition  of  the  mascolar 

tissue  of  the  East  Coast  herrings  in   different  stages  of  reproductive 

activity,  it  is  advisable  to  give  a  table  vhich  gives  the  collective  results. 
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One  may  shortly  snmmariee  the  results  of  these  analyses  of  autumn 
East  Coant  herrinfrs  as  follows.  The  analyses  in  the  table  ntw  solely  to 
the  flesh  (muscles)  of  feniale  herrings. 
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(1)  Referring,  inthe  fint  place,  to  the  herringB  obtained  in  Aogost 
and  September,  the  water  percentage  is  highest  in  large  spent  fish,  and 
following  closely  upon  this  comes  the  large  fall  fish. 

Spent ''  Matties  "  (Ba.)  have  a  slightly  lower  water  percentage  than 
the  large  full  herrings.  The  unspent  '*  Matties  "  (B.)  and  the  '*  Matt 
Fulls ''  (No.  III.,  August  9th)  contain  practically  the  same  amoant  of 
water.  The  lowest  percentage  of  water  was  present  in  the  "  Matties  "  of 
August  9th. 

The  only  point  of  importance  in  connection  with  the  water  in  the  muscles 
of  the  July  herring  is  that,  with  the  increase  in  development  of  the 
ovaries,  there  is  an  increase  in  the  water  content  of  the  muscles. 

One  may  therefore  state  shortly  that  the  water  percentage  of  the  muscles 
rises  as  the  ovaries  become  more  mature,  and  the  maximum  is  reached 
when  the  fish  are  spent. 

(2)  The  Total  Proteid  Percentage. — There  are  but  sliglt  yariations  in 
this.  It  was  highest  in  the  '*  Matt.  Fulls  "  of  August  9Ui  and  lowest  in 
the  "  Spents ''  (C.)  of  August  9th.  As  however  may  be  seen  from  the 
table,  the  proteid  percentage  in  spent  fish  may  be  very  high. 

(3)  Ooaf/ulable  Proteid. — This  is  more  important  as  an  indication  of 
the  nutritive  value,  as  it  represents  the  proteids  which  are  coagulated  on 
boiling  the  fish. 

Referring  to  the  Lerwick  and  Kinnaird  Head  herrings  (August  9th), 
which  are  more  easily  compared,  the  highest  percentage  is  present  in  the 
<'  Matt.  Fulls  '*  and  '*  Matties ''  and  the  lowest  in  the  "  Spents  "  and 
"  Fulls."  The  September  Lerwick  herring—"  Fulls  "  and  "  Spents  "— 
contained,  however,  a  high  percentage  of  coagulable  proteid. 

(4)  Fats. — The  percentage  amount  of  fat  in  the  fish  is  probably 
regarded  by  most  people  as  the  best  standard  for  estimating  its  nutritive 
value.  It  is  in  many  respects  the  most  valuable  indication  of  the  value 
of  the  herring ;  but,  as  pointed  out  in  my  previous  paper,  it  most  not  be 
regarded  as  the  sole  one. 

There  can  be  no  doubt  about  the  results  of  the  analyses.  The  herrings 
richest  in  fat  are  the  "  Matties "  and  "  Matt  Fulls,"  the  poorest  the 
"  Large  Spents  "  anr^  "  Large  Fulls."  The  lowest  fat  percenti^  was  pre- 
sent in  the  "Large  Spents  "  obtained  from  Kinnaird  Head  on  August  9th. 

Taken  as  a  whole,  the  spent  fish  have  a  lower  fat  percentage  than  the 
corresponding  full  fiish,  but  it  is  possible  that  in  some  cases  the  fat  per^ 
centage  of  even  spent  fish  may  be  higher  than  that  of"  Fulls."  One  may 
easily  understand  how  this  may  occur,  as  the  fish  may  have  commenced 
to  store  fat  again.  For  example,  the  spent  fish  obtained  from  Lerwick  on 
August  9th  were  evidently,  so  far  as  the  fat  percentage  was  concerned,  in 
slightly  better  condition  than  the  Lerwick  mature  fish  and  also  than  the 
Kinnaird  Head  spent  fish. 

In  conclusion,  on  comparing  these  East  Coast  herrings  with  the  West 
Coast  fish  (see  previous  paper),  one  is  mainly  struck  by  the  lower  water 
and  higher  proteid  and  fat  percentages  in  the  former  than  the  latter. 

I  never  obtained  such  low  fat  percentages  in  the  East  Coast  fish  as  were 
obtained  in  some  of  the  winter  West  Coast  herrings.  There  are  many 
other  points  of  interest  in  the  tables,  but  these  can  be  readily  appreciated 
by  a  study  of  the  various  analyses.  I  have  not  grouped  together  tiie 
results  of  the  analyses  of  the  male  fish,  as  this  was  scarcely  necessary. 

From  a  study  of  the  tables  given  in  this  paper,  and  the  preceding  aeries 
of  analyses  (West  Coast  herrings),  one  is  struck  by  the  fact  that  die  fish 
which  possess,  as  a  rule,  the  highest  percentage  of  fat  in  their  moadee  are 
those  yrhof^e  ovaries  are  still  some  time  short  of  full  matnrity*  Uanally 
fish  with  ovaries  of  15*20  grammes  weight  (weight  at  full  matori^  about 
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60  grammes)  contain  the  highest  percentage  of  fat  in  their  mnscles. 
From  a  careful  examination  of  all  the  tables,  one  is  led,  however,  to 
believe  that  practically  until  full  maturation  of  the  ovaries,  there  is  an 
increase  in  the  weight  of  the  fish,  while  after  spawning  the  loss  of  weight 
is  greater  than  can  be  accounted  for  from  the  discharge  of  the  ova. 

It  is  quite  probable  that  the  decrease  in  fat  of  the  muscles  is  accom- 
panied by  an  increase  in  water.  It  is  unfortunate  that,  especially  in  the 
case  of  the  herring  muscle,  it  is  difficult  to  obtain  reliable  figures  for  the 
water  percentage.  There  can  be  no  doubt,  however,  that  there  is  an 
increase  in  the  water  percentage  of  the  muscles  in  spent  fish.  As  regards 
the  fat,  there  can  be  no  doubt  that  there  is  a  gradual  loss  of  this  import- 
ant food  material  during  the  later  stages  of  maturation,  succeeded  by  a 
serious  loss  after  the  spawning  of  the  fish.  This  loss  after  spawning  is 
evidently  a  very  rapid  one  as,  although  there  must  be  a  short  period  after 
spawning  when  the  spent  fish  contains  practically  the  same  amount  of  fat 
as  the  full  fish,  it  is  rare  that  one  observes  this  in  analyses,  and  when  one 
does  so  it  is  possibly  in  some  cases  due  to  the  fact  that  one  is  examining 
a  spent  fish  that  is  in  the  period  of  recuperation. 

When  one  remembers  that  the  fat  is  the  stored  material  which  will  be 
used  up  before  the  proteids  of  the  muscles  after  the  food  intake  becomes 
insufficient  to  cover  the  body  requirements,  one  is  led  to  suppose  that, 
for  some  time  before  full  maturation  of  the  ova,  the  fish  either  ceases  to 
feed  or,  what  is  more  likely,  takes  an  insufficient  supply  to  prevent  a 
loss  of  the  body  fat.  The  analyses  which  I  have  made  support,  therefore, 
in  the  main,  Heincke's  conclusions  as  to  the  various  stages  in  the 
reproductive  life  of  the  herring  {Twenty-foutih  Annual  Report  of  the 
Fishery  Board  for  Scotland^  Part  III.,  p.  102).  If  my  sup|)osition  be 
correct,  then  the  fish  is  at  its  best,  regarded  as  a  sourse  of  nutritive 
material,  at  a  period  somewhat  short  of  full  maturity  of  the  genitalia. 

The  herring  is,  however,  very  unlike  the  salmon  in  that  there  is 
certainly  no  prolonged  period  during  which  the  fish  refrains  from  food. 
There  is  only  probably  a  short  period  in  the  reproductive  life  of  the 
herring  comparable  to  that  in  the  case  of  the  salmon,  and  that  is  the 
month,  or  probably  two  months,  just  preceding  spawning,  when  the  fish 
has  not  only  to  obtain  the  necessary  energising  material  for  work  from 
its  own  tissues,  but  has  also  to  supply  the  growing  ovaries  or  testes  from 
the  same  source.  It  is,  however,  after  spawning  that  the  muscles  of  the 
fish  lose  the  largest  amount  of  their  stored  nutritive  material,  and  it  is 
then  that  the  most  undoubted  loss  of  weight  occurs,  over  and  above  that 
which  can  be  accounted  for  by  the  complete  discharge  of  the  ovaries. 

There  are  two  periods  during  which  it  would  be  most  interesting  to 
know  the  changes  which  the  nitrogenous  constituents  of  the  muscles  are 
undergoing,  namely,  in  the  first  place,  during  the  later  stages  of  matura- 
tion and  earlier  period  in  the  spent  condition  (a  condition  of  starvation), 
and  secondly,  in  a  later  stage  siter  spawning  when  recuperation  is  taking 
place. 

I  am  at  present  investigating  this  subject  of  the  alterations  in  the 
chemical  nature  of  the  proteids  of  the  herring's  muscles  during  different 
periods  of  reproductive  activity. 

I  would  like  to  thank  the  various  fishery  officers  for  the  care  and 
trouble  taken  in  the  packing  and  preservation  of  the  fish.  Without  their 
valuable  assistance  it  would  have  been  impossible  to  get  the  fish  in  pro- 
per condition  for  chemical  investigation. 
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ERRATA*  REFERRING  TO   PAPER  IN  PART  III.   OF 
TWENTYFOURTH  ANNUAL  REPORT. 

(To  be  Corrected  also  in  Tables  on  pp.  99  and  100,  where  the 

Analyses  are  collected  together). 

Page  91.— Series  B. 


Muscles — (b). 

Proteid. 

Fat. 

P2O, 

18-99 

1625 

•73 

mstead  of  14-80 

1251 

•55 

Ovaries— (6)      08  mstead  of  "05  PjOg 
Male9 — 


JXLUSCiO \U), 

Proteid. 
17^91 
instead  of  18*44 

Fat. 
13-98 
14-39 

p,o. 

•55 
•57 

Testes— (6)      -20  instead  of 

•13  PjOg 

Page  ^Z.— Females— 

Muscle — (6). 

Proteid. 
34-97 
instead  of  52-45 

Fat 

19-09 

28-64 

P2O5 
1^03 

1-55 

Page  94.— Ovaries  (6). 

Proteid. 
8^46 
instead  of  9*82 

Fat 
1-02 
1-00 

Page  98. — Ratio  of  total  Proteid  of  Muscles  to  total  Proteid  of  Ovaries. 

Oct  B.— 91  :  1,  instead  of  71  :  1. 
Nov.  6.— 4*7  :  1,  instead  of  7-1  :  1. 
Dec.  6.-3-3  : 1,  instead  of  2-9  :  1. 
Dec.  13.-3-4  :  1,  instead  of  33  :  1. 

Ratio  of  total  Fat  of  Muscles  to  total  Fat  of  Ovaries. 

Oct  B.-36-9  :  1,  instead  of  28*4  :  1. 
Nov.  6.-22-7  :  1,  instead  of  34  :  1. 
Dec.  6.-3-3  :  1,  instead  of  348  :  1. 


*  Ah  will  be  readily  seen  on  confoltation  of  the  tables  in  the  earlier  paper,  th 
errata  only  refer  to  the  quantities  per  ayerage  fish  and  not  to  the  percentages. 
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III.— SOME   ADDITIONAL   NOIES  ON  COPEPODA  FROM 

THE  SCOTTISH  SEAS. 

By  Thomas  Soott,  LL.D.,  F.L.S.,  Mem.  Soc.  Zool.  de  France. 

(Plates  XIII.-XV.) 


The  descriptions  of  several  of  the  new  or  rare  Copepoda  obtained 
during  the  investigations  that  have  been  carried  out  under  the  direction 
of  the  Fishery  Board  for  Scotland,  and  published  in  the  earlier  Annual 
Reports  of  the  Board,  were  for  various  reasons  somewhat  incomplete.  In 
some  cases  only  the  female  was  available  for  description,  the  male  being 
at  the  time  unknown ;  while  in  others,  where  the  species,  though  rare, 
was  already  established,  only  the  fact  of  its  occurrence  in  our  seas  was 
recorded  and  the  description  of  it  left  to  some  future  occasion. 

In  the  remarks  which  follow  I  have,  with  the  help  of  the  drawings 
prepared  for.  me  by  my  son  Andrew  Scott,  A.L.S.,  endeavoured  to 
describe  somewhat  fully  three  curious  forms  obtained  from  different 
Scottish  localities,  where  they  have  occurred  in  sufficient  numbers  to 
permit  of  a  more  accurate  study  of  the  peculiar  characteristics  by  which 
they  are  distinguished  than  was  possible  at  the  time  they  were  first 
recorded. 

9C  These  species  include  the  two  Harpacticoida  Harrietella  nrntdans,  T. 
Scott,  and  Laophontodes  typicus,  T.  Scott,  of  which  only  the  females 
have  been  previously  recorded,  together  with  a  description  of  what 
appears  to  be  the  male  and  female  of  a  remarkable  species  known  as 
NotopterophoruB  papilio,  Hesse,  found  as  a  commensal  in  the  branchial 
chamber  of  large  Ascidians. 

Descriptions  are  also  given  of  two  Oopepod  parasites  of  fishes  which 
do  not  appear  to  have  been  previously  recorded,  and  which  belong  to  a 
somewhat  aberrant  genus  of  the  Caligoida,  viz.,  Nogagu$. 

These  different  forms  are  described  in  the  sequel  in  the  order  in  which 
they  are  here  referred  to. 

It  may  also  be  stated  that  the  species  mentioned  above,  though  only 
now  described,  have  been  in  my  possession  for  several  years,  the 
publication  of  their  description  having  been  for  various  reasons  delayed. 

Division  Harpacticoida,  O.  O.  Sars. 
Fam.  Laophontids,  O.  0.  Sars. 
Genus  Harrietella,  T.  Scott. 

Harrietella  nmulana,  T.  Scott.     PI.  xiii.,  figs.  1-5. 

1894  (1)  Laophonte  simulam,  T.  Scott,  Twelfth  Annual  Report 
of  the  Fishery  Board  for  Scotland,  R.  III.,  p.  248.  PI.  vii,, 
figs.  24-32. 

1906.  Harrietella  tifnularu,  T.  Scott.,  Ann.  and  Mag.  Nat.  Hist. 
Ser.  7,  vol.  xvii.,  p.  464,  pi.  xi.,  figs.  9  and  10. 

The  structure  of  Harrietella  eimulana  is  in  some  respects  similar  to 
that  of  Laophonte^  Philippi,  and,  therefore,  while  differing  considerably 
in  one  or  two  points,  it  was,  when  first  discovered,  ascribed,  though 
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with  some  doubt,  to  thiB  genus,  especially  as  only  the  femaht  had  at 
that  time  been  noticed.  The  discovery  of  additional  specimem  allowed 
a  more  thorough  examination  to  be  made  of  the  structure  of  the  spsdoa, 
and  it  then  became  evident  that  its  place  in  LaophorUe  was  untenable 
and  this  rendered  its  removal  to  another  g^nxiB^Harrieiella — necessary. 

But  while  the  female  of  this  species  has  been  known  for  a  number 
of  years,  the  male  has  apparently  remained  undescribed.  I,  therefore,  in 
the  following  additional  notes  on  the  species,  include  a  short  description 
of  the  male  form. 

The  species  is  a  very  small  one,  the  female  being  scarcely  half  a  milli- 
metre in  length,  but  the  male  is  still  smaller.  It  is  a  demersal  form,  and, 
like  a  number  of  other  such  forms,  its  distribution  is  somewhat  restricted. 
I  have  rarely  noticed  H,  HmidaTis  among  the  numerous  bottom  forms 
occasionally  captured  with  the  dredge,  even  at  some  of  the  more  favour- 
able collecting  grounds  in  the  Firths  of  Forth  and  Clyde ;  yet  when  a 
piece  of  decaying  wood,  the  surface  of  which  is  perforated  by  boring 
molluscs  or  crustaceans,  is  brought  up  in  the  dredge  or  trawl  net, 
numerous  examples  of  this  particular  Copepod  may  be  obtained  living 
apparently  in  the  crevices  of  the  wood.  When  the  pieces  of  decaying 
wood  are  carefully  removed  from  amongst  the  other  debris  and  washed  in 
a  bottle  containing  methylated  spirits,  and  the  sediment  examined  onder 
a  hand  lens,  quite  a  number  of  little  animals  may  sometimes  be  obtained. 

In  LaapJunUe  the  body  is  usually  of  a  narrow,  oblong  form,  bat  in 
HarrieteUa  it  is  broadly  ovate  and  considerably  depressed ;  and  while  in 
LaophorUe  the  female  carries  only  one  ovisac,  there  are  two  in  Har- 
lieteUa.  In  the  structure  of  the  mouth  appendages — the  mandibles, 
maxillae,  and  maxillipeds — there  lb  a  fairly  dose  resemblance  between  the 
two  genera,  and  the  same  may  be  said  concerning  the  two  pairs  of 
antennae  and  the  first  pair  of  thoracic  feet.  The  second  and  third  pairs 
in  both  the  male  and  female,  and  especially  in  the  male,  though  in  their 
general  structure  somewhat  resembling  those  of  LaophorUe,  they  are 
distinctly  more  robust.  In  both  pairs  the  inner  branch  is  composed  of 
two  sub-equal  joints,  the  first  being  rather  shorter  than  the  other.  In 
the  male,  the  inner  branch  of  the  second  and  third  pairs,  which  does  not 
reach  the  end  of  the  second  joint  of  the  outer  branch,  is  furnished  with 
two  apical  setse.  The  outer  branch  is  elongated  and  stout,  and  composed 
of  three  joints  of  nearly  equal  length ;  the  first  and  second  are  each 
provided  with  a  single  moderately- long  spine  on  the  outer  margin,  and 
the  third  joint,  which  is  furnished  with  a  similar  spine  on  the  outer 
edge,  bears  also  three  strong  terminal  spines  (fig.  3  represents  one  of  the 
second  pair  of  feet).  The  fourth  pair  in  the  male  resembles  that  of  the 
female  in  having  the  inner  branch  short,  narrow,  and  uni-articulated, 
and  provided  with  two  short  apical  setae ;  but  while  the  outer  branch  in 
the  female  is  two-jointed,  that  of  the  male  consists  of  three  joints,  the 
first  two  being  each  provided  with  a  moderately  long  and  stoat  plumose 
seta  on  the  outer  margin,  and  the  third  with  four  similar  setae  round 
the  distal  extremity.  The  outer  branch  of  the  fourth  pair  in  the  male, 
like  the  same  pair  in  the  female,  is  remarkably  stout  (fig.  4). 

The  fifth  pair  in  the  msle  consists  of  an  oblong  basal  joint,  provided 
with  a  spinif  orm  seta  on  the  inner  distal  angle  and  a  setiferous  appendage 
on  the  outer,  and  a  small  one-jointed  branch  bearing  a  few  plumose 
bristles  (fig.  5). 

In  the  male,  the  last  two  segments  of  the  metasome,  though  nearly 
uniform  in  width  with  those  of  the  urosome,  are  distinctly  narrower  than 
the  preceding  segments,  and  in  this  respect  there  is  a  marked  difference 
between  the  two  sexes  when  seen  from  above. 
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In  the  female  the  width  of  the  posterior  segments  decreases  gradually 
instead  of  abruptly. 

The  antennules  of  the  male  are  modified  to  form  powerful  grasping 
organs,  as  shown  in  the  drawing  (fig.  2). 

The  distribution  of  this  curious  species  appears  to  be  local  rather  than 
rare,  and  since  its  discovery  in  the  crevices  of  decaying  fragments  of 
wood,  its  occurrence  in  similar  situations  has  occasionally  been  noticed 
both  in  the  Firth  of  Forth  and  the  Firth  of  Clyde,  and  it  may  probably 
be  found  in  snch  situations  round  other  parts  of  our  shores. 

Genus  LaopTiontodes,  T.  Scott. 

LaophontodeB  typtcus,  T.  Scott.     PI.  xiii.,  figs.  6-15. 

1894.  LaopJumtodes  typicus,  T.  Scott,  Twelfth  Annual  Report  of 
the  Fishery  Board  for  Scotland,  Pt.  III.,  p.  249,  PI.  viii., 
figs.  2-8. 

It  is  thirteen  years  since  a  description  of  this  species  was  first 
published  in  the  Board's  Twelfth  Annual  Beport.  The  detcription  was 
prepared  from  female  specimens,  the  male  being  at  that  time  unknown  ; 
and  as,  so  far  as  I  know,  it  has  not  yet  been  recorded,  the  following 
observations  on  its  structure,  with  some  additional  remarks  on  the  female, 
will  render  the  former  description  more  complete. 

This  species,  like  the  last,  is  very  small,  the  largest  of  our  female 
specimens  is  scarcely  *5  millimetre  (about  ^  of  an  inch)  in  length,  while 
the  males  are  only  abont  one-sixtieth  of  an  inch ;  they  may  therefore  be 
easily  overlooked. 

In  both  the  male  and  female  the  body  is  elongated  and  narrow,  and  is 
considerably  depressed  (fig.  6).  The  male,  though  smaller  than  the 
female,  does  not  differ  much  from  it  in  general  appearance. 

The  anterior  antennae  in  the  male  are  composed  of  the  same  number  of 
articulations  as  those  of  the  female,  but  the  last  three  joints  are 
considerably  modified,  as  shown  in  the  drawing  (fig.  7).  The  third  joint 
is  small,  the  next  is  dilated  and  gibbous,  while  the  last  forms  a  slender 
hook-like  process. 

The  mandibles  are  very  small,  and  the  biting-edge  is  armed  with  a 
few  prominent  teeth.  The  mandible-palp  consists  of  a  single  small  one- 
jointed  branch  bearing  several  setie  (fig.  8). 

The  maxiUsB  are  similar  to  the  same  organs  in  typical  species  of 
Laop?umt€f  and  consist  of  a  broad  masticatory  lobe  provided  with 
several  elongated  slender  spines,  and  a  small  bilobed  palp  (fig.  9). 

The  first  maxillipeds  are  small  but  moderately  stout,  and  the  basal 
joint,  which  is  somewhat  dilated,  is  provided  with  a  small  setiferous 
process  on  the  inner  margin,  while  the  end  joint  terminates  in  an 
elongated  and  moderately  strong  claw  (fig.  10).  The  second  maxillipeds 
are  as  previously  described. 

The  first  pair  of  thoracic  feet  are  in  structure  nearly  as  in  Laop?ionte, 
the  inner  branch  being  short  and  three- jointed,  while  the  outer,  which  is 
two-jointed,  is  stout  and  furnished  with  a  strong  tejminal  claw  (fig.  11). 
The  second  pair,  like  the  first,  is  somewhat  similar  in  the  two  sexes ; 
the  outer  branch  is  slender  and  elongated  and  composed  of  three  sub- 
equal  joints,  while  the  inner  is  short  and  two- jointed ;  the  first  joint  of 
the  inner  branch  is  extremely  small,  but  the  second,  though  very  slender, 
is  of  moderate  length  and  furnished  with  two  slender  apical  setie.  The 
third  pair  in  the  female  is  similar  in  structure  and  armature  to  the 
second,  but  the  inner  branch  of  this  pair  in  the  male  has  two  peculiar 
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and  moderately  stout  terminal  appendages,  one  of  which  forms  a  short 
hook-like  process,  while  the  other  is  straight  and  terminates  in  two 
slender  setie  of  unequal  length  (fig.  12). 
The  structure  of  the  fourth  pair  appears  to  he  similar  in  the  two  sexes  \ 
the  outer  branch  is  moderately  slender  and  elongated,  and  composed  of 
three  sub-equal  joints  armed  with  long  spiniform  setae  on  the  outer 
margin  \  the  inner  branch  is  very  short  and  two-jointed,  the  first  joint 
being  extremely  small,  while  the  second  is  slender  and  moderately 
elongated,  and  furnished  with  three  small  terminal  setae  (fig.  13). 

The  fifth  pair  in  the  female  consists  of  a  small  basal  joint  to  which  is 
articulated  a  narrow  elongated  plate  about  four  times  longer  than  broad, 
and  provided  with  a  number  of  setse  arranged  as  shown  in  the  drawing 
(fig.  14).  In  the  male  the  fifth  pair  is  similar  to  those  of  the  female,  but 
smaller  and  less  spiniferous  (fig.  15). 

The  furcal  joints  in  both  the  male  and  female  are  elongated  and 
slender  and  set  widely  apart ;  they  are  each  furnished  with  a  long  and 
stiff  apical  bristle  and  a  few  small  hairs  (see  fig.  6). 

I  have  obtained  this  species  in  the  same  situations  with  the  HarrieteUa 
previously  mentioned,  but  it  seems  to  be  a  rarer  form,  and  males 
especially  appear  to  be  very  scarce. 

Notodelphyoida^  O.  0.  Sabs. 

FauL  Doropygidm. 

Genus  NotopterophoruBy  Costa. 

NotapteropJiorus  papUiOy  Hesse.    PI.  xiv.,  figs.  1-19. 

1865.  Notopterophorus  papiliOy  Hesse.  Observations  sur  des 
Crustac^  rares  ou  nouveaux  des  c6tes  de  France,  Arm,  de$ 
Set.  Naty  5th  S^r.  zool.,  vol.  i.,  p.  338,  pL  xi.,  figs.  1-13. 

1878.  Notopterophorui  papilio,  G.  8.  Brady.  A  Monograph  of 
the  Free  and  Semi- parasitic  Copepoda  of  the  British  Islands 
{The  Ray  Society),  vol.  i.,  p.  142,  pL  xxxi.,  figs.  3-12. 

The  Entomostracan  to  which  M.  Hesse  has  given  the  name  mentioned 
above  is  one  of  the  most  remarkable  among  a  strange  group  of  species 
found  living  as  "  unbidden  guests "  within  the  branchial  chamber  and 
sometimes  in  the  alimentary  canal  of  various  simple  and  compound 
Ascidians. 

The  distinguishing  characteristic  of  Notopterophorus  is,  as  the  name 
implies,  the  peculiar  wing-like  appendages  of  the  cephalo-thorax,  which 
give  to  the  creature  its  somewhat  grotesque  appearance.  These  append- 
ages, which  are  situated  on  the  dorsal  aspect,  appear  to  be  six  in  number, 
and  assume  the  form  of  very  thin  and  almost  transparent  plates,  each  of 
which  terminates  in  long,  slender,  whip-like  filaments.  The  frontal 
plate,  which  is  obscurely  triangular,  has  a  hood-like  structure,  and 
appears  to  be  furnished  with  three  filaments — one  central  and  one  at 
each  of  the  lateral  extremities ;  this  plate  seems  to  be  an  expansion  of 
the  first  thoracic  segment.  The  next  four  plates  occur  in  pairs ;  the 
first  pair  spring  from  the  second  segment  of  the  thorax,  and  the  following 
pair  from  the  third  segment,  and  each  single  plate  bears  two  whip-like 
filaments.  The  posterior  plate,  which  is  of  one  piece,  moderately  large 
and  broadly  triangular,  and  which  springs  from  near  the  distal  end 
of    the     last    segment     of    the      thorax,    is     apparently     provided 
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with  three  slender  processes ;  two  of  them  are  prolongations  of  the 
lateral  angles,  and  the  other  of  the  intermediate  angle  by  which  the 
posterior  edge  of  the  plate  is  divided  into  two  sub-equal  portions.  It  has 
to  be  noted,  however,  that  these  dorsal  expansions  are  so  extremely 
delicate  that,  thongh  many  specimens  have  been  examined,  it  was  rare  to 
find  one  with  the  appendages  uninjured.  The  following  is  M.  Hesse's 
description  of  the  posterior  dorsal  plate: — "Enfin  la  sixi^me  expansion 
membraneuse  que  est  aussi  triangulaire  comme  celle  plac^e  sur  Tocciput, 
est  fix^e  un  pen  andessus  de  la  base  de  Tabdomen  qu  il  recouvre,  et 
semble  destine  k  prot^ger  les  oeufs  ou  les  embryons.  Son  bord  inf^rieur 
pr^sente  deux  d^coupares,  termin^es  per  trois  lani^res,  dont  Tune  est  au 
milieu  et  les  deux  autres  k  Toxtr^mite  dn  bord  inf^rieur/' 

The  cepbalo-thorax  in  the  female  is  comparatively  large,  and  consists  of 
five  segments ;  in  adult  specimens,  however,  the  segments  are  not  very 
clearly  defined.  The  first  four  do  not  differ  much  in  size,  but  that 
which  forms  the  head  or  cepJuUosome  is  rather  smaller  than  the  others. 
The  last  segment  is  fully  twice  the  length  of  the  preceding  one,  and  is 
composed  of  two  coalescent  segments — the  fourth  and  fifth  segments  of 
the  meioBome.  This  double  segment  is  destined,  as  in  other  members  of 
the  Notodelphyoiday  to  be  a  receptacle  for  the  eggs  and  developing  Isrvse, 
and  when  packed  with  eggs  or  larvse  it  becomes  considerably  enlarged, 
and  is  also  more  highly  coloured  than  other  parts  of  the  animal.     (See 

fig.  1.) 

In  the  female  the  abdomen — urosome — is  moderately  elongated, 
slender,  and  cylindrical,  and  is  composed  of  five  segments,  but  the 
pref ureal  segment  is  very  small  and  of  a  peculiar  Btructure,  and  seems  to 
overlap  the  base  of  the  short  furcal  joints.  These  joints,  which  are 
somewhat  arcuate,  are  each  armed  with  about  four  very  short  but  strong 
curved  spines  (fig.  19). 

Neither  the  male  nor  the  young  female  appears  to  be  furnished  with 
the  prominent  dorsal  appendages  possessed  by  the  female  that  has 
reached  the  ovigerous  stage.  Figure  3  represents  a  young  female  with  an 
adult  male  adhering  to  its  dorsal  surface,  in  both  of  which  the  wing- 
like expansions  are  wanting.  The  female  appears  to  have  reached  the 
stage  when  these  expansions  Bre  beginning  to  be  developed,  but  in  the 
male  no  trace  of  them  can  be  observed,  though  its  structure  shows  it  lo 
be  a  mature  example. 

In  the  specimens  under  consideration  the  antennules  (anterior 
antennse)  are  in  both  sexes  apparently  nine-jointed.  In  those  of  the 
female  the  first  two  joints  are  of  large  size,  but  the  remaining  joints  are 
considerably  shorter  and  narrower,  and  the  second  and  third  from  the  end 
are  smaller  than  any  of  the  others.  The  male  antennules  are  moderately 
stout  and  taper  gradually  towards  the  distal  extremity ;  the  first  two 
joints  are  not  so  dilated  as  the  first  two  in  the  female,  but  the  remaining 
seven  jointii  are  rather  larger.     (See  figs.  4  and  5.) 

The  antennas  (posterior  antennae)  of  the  male,  though  considerably 
smaller  than  those  of  the  female,  are  similarly  armed  with  strong 
terminal  claws,  as  shown  in  figs.  6  and  7. 

The  mandibles  are  well  developed  and  possess  a  broad,  biting  edge, 
armed  with  several  irregular  teeth;  the  mandible-palp  is  moderately 
large  and  two-branched ;  the  proximid  branch  appears  to  be  uni-articulate, 
but  the  other  is  two-jointed ;  both  branches  bear  plumose  setas  (fig.  8). 

The  maxillsB  (fig.  9)  are  also  moderately  developed  and  supplied  with 
numerous  plumose  setae. 

The  first  maxillipeds  have  the  basal  part  greatly  enlarged  and 
provided  with  a  number  of  long  plumoae  setao  on  its  inner  margin ;  the 
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secood  joint  bean  a  long  stout  and  curred  spine ;  the  end  joint  is  nanow, 
about  twice  longer  than  broad,  and  furnished  with  a  few  terminal  setn 
(fig.  10). 

The  second  maxillipeds  are  moderately  stout  and  elongated ;  they  are 
also  apparently  three-jointed,  and  bear  a  number  of  plumose  set»,  as 
shown  in  the  drawing  (fig.  11). 

All  the  thoracic  feet,  both  in  the  male  and  female,  are  short  and 
moderately  stout,  and  the  general  structure  of  the  first  three  pairs  is 
somewhat  similar  in  the  two  sexes,  though  they  differ  somewhat  in  the 
armature  and  in  one  or  two  other  minor  details. 

In  the  first  pair  the  inner  branches  are  composed  of  two  and  the 
outer  of  three  joints ;  there  is  not  much  difference  in  the  length  of  the 
two  branches.  The  second  joint  of  the  inner  branch  is  rather  longer 
than  the  first,  while  the  middle  joint  of  the  outer  branch  is  much 
smaller  than  either  the  first  or  the  third  joints.  Both  branches  are 
similarly  armed  in  the  two  sexes.  The  outer  are  furnished  with  several 
stout  spines  on  the  exterior  margin  and  apex,  and  with  a  short  plumose 
sete  on  the  inner  margin.  The  inner  branches  are  provided  with  a 
number  of  plumose  set»,  especially  on  the  inner  edge,  but  those  on  the 
inner  branches  of  the  female  are  more  elongated.  There  is  also  a  stout 
sigmoid  spine  on  the  inner  aspest  of  the  second  basal  joint  in  the  female 
first  pair,  which  appears  to  be  wanting  in  that  of  the  male.  (See  figs. 
12  and  13.) 

The  second  pair  in  both  sexes  have  the  inner  and  outer  branches 
three-jointed.  In  that  of  the  female  the  inner  branch  is  rather  shorter 
than  the  outer ;  the  first  joint  bears  one  setsa,  the  second  two,  and  the 
third  two  on  the  inner  margin ;  the  third  joint  has  also  three  apical  seta 
and  another  on  the  middle  of  the  outer  margin.  All  these  setss  are 
elongated  and  plumose.  The  outer  branch  has  the  proximal  joint 
moderately  stout  and  as  long  as  the  next  two  joints  taken  together :  it 
bears  a  single  seta  on  the  inner  edge  and  a  short  spine  on  the  outer  distal 
angle;  the  second  joint,  which  is  smaller  than  the  first  or  third,  also 
bears  a  short  marginal  spine,  while  the  third  joint  has  two  spines  on  the 
outer  margin  and  two  at  the  apex. 

In  the  male  the  length  of  the  outer  and  inner  branches  of  the  second 
pair  is  about  the  same ;  the  armature  of  the  inner  margin  of  the  inner 
branch  is  similar  to  that  of  the  second  pair  in  the  female,  but  the  end  joint 
bears  two  terminal  spines  instead  of  setsd,  with  another  spine  on  its 
outer  margin ;  the  armature  of  the  outer  branch  in  the  male  does  not 
differ  mach  from  that  of  the  same  branch  in  the  female,  except  that  the 
marginal  spines  are  rather  longer.    (See  figs.  14  and  15.) 

The  thinl  pair,  as  in  the  second  just  described,  have  in  the  two  sexes 
both  branches  three-jointed.  In  the  male  the  third  pair  scarcely  differs 
from  the  second  either  in  structure  or  armature.  In  the  female  the  third 
pair  is  rather  smaller  than  the  second,  but  the  inner  branch  carries  the 
same  number  of  plumose  setsB,  while  the  outer  branch,  though  armed 
with  the  same  number  of  marginal  spines  as  that  of  the  second,  wants 
the  seta  on  the  inner  nrargin  of  the  first  joint  (fig.  16). 

The  fourth  pair  in  the  female  is  dmost  the  same  in  structure  and 
armature  as  the  third  pair ;  but  in  the  male  the  fourth  pair  is  very  small, 
and  though  the  outer  branch  consists  of  three  joints,  the  inner  is  only 
two- jointed  and  distinctly  shorter  than  the  outer;  both  branches  are 
provided  with  moderately  stout  spines  (fig.  17). 

The  fifth  pair  consists  of  a  narrow,  elongated,  one-jointed  branch, 
which  is  articulated  to  a  rudimentary  basal  joint  and  furnished  with  two 
slender  apical  spines  (fig.  18).  The  female  represented  by  the  dimwing 
(fig.  1)  is  about  4*5  millimetres  in  length. 
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Remarks. — The  Notopterophorus  described  in  the  preceding  notes, 
though  it  does  not  conform  altogether  to  Hesse's  description  of  Notoptero- 
phorus papiliOy  agrees  with  it  in  several  important  particulars,  and  I  am 
therefore  inclined  to  ascribe  it  to  that  species.  Moreover,  the  mouth 
appendages  described  and  figured  here  are  apparently  identical  with  those 
of  the  form  recognised  as  belonging  to  Hesse's  species  in  Dr.  Bradj's 
"  Monograph  of  the  Free  and  Semi-parasitic  Gopepoda  of  the  British 
Islands,"  vol.  1.,  p.  142,  plate  xxxi.,  figs.  3-12. 

The  two  habitus  figures  given  in  M.  Hesse's  original  work  and  repro- 
duced in  the  Monograph  referred  to  are,  in  respect  of  the  slender  form  of 
the  cephalo-thoraz,  unlike  any  of  the  specimens  I  have  examined.  On 
the  other  hand,  Hesse's  description  of  the  cephalo-tfaorax  and  abdomen 
agrees  tolerably  well  with  Scottish  specimens  of  the  adult  female.* 

Another  point  of  interest  which  is  noticed  by  Dr.  Brady  is  the  great 
similarity  between  this  species  and  the  members  of  another  genus,  and  in 
referring  to  this  he  says  that  "  except  for  the  peculiar  wing-like  dorsal 
appendages  there  seems  to  be  little  to  separate  this  genus  from 
DoropyguSy^'  and  this  corresponds  with  the  opinions  of  other  observers, 
and  is  also  supported  by  the  Doropygus-like  torm  of  the  young  female, 
and  still  more  by  the  general  character  of  the  male.  Still,  the  presence 
in  the  adult  female  of  these  remarkable  appendages  is  in  itself,  I  think, 
a  sufiicient  reason  for  separating  this  and  similar  forms  under  the 
distinctive  name  established  by  Costa  and  utilised  by  M.  Hesse. 

The  purpose  which  these  curious  and  wing-like  expansions  serve  in  the 
life-history  of  the  creature  may  be,  as  M.  Hesse  suggests,  to  assist  its 
movements  "or  to  aid  in  removing  obstacles  from  its  path."  I  am 
inclined,  however,  to  agree  with  Dr.  Brady,  who  says — "  For  my  own  part 
I  find  it  difficult  to  believe  that  these  excessively  delicate  organs  can  be 
of  much  use  for  such  purposes,  or  to  understand  why,  if  they  are  so  used, 
they  should  be  entirely  wanting  in  so  many  other  species  which  live 
under  the  same  conditions.  We  must,  I  think,  admit  that  their  use  is  at 
present  quite  unknown."t 

'  I  have  obtained  this  Copepod  in  large  Ascidians  from  various  Scottish 
localities,  but  nowhere  so  common  as  in  Ascidians  dredged  in  Scapa 
Flow,  Orkney.  The  branchial  chamber  of  the  large  Ascidians  dredged 
there  was  sometimes  crowded  with  these  Copepods. 

Though  many  specimens  have  been  examined  by  me  from  Scottish  waters, 
they  were  apparently  all  of  the  one  species,  but  examples  were  obtained 
in  different  stages  of  development,  from  the  young  females  without  dorsal 
appendages,  or  with  a  mere  indication  of  them,  to  those  that  were  adult 
and  whose  dorsum  was  ornamented  with  the  appendages  fully  expanded. 

In  full-grown  specimens  the  ovigerous  sac  was  usually  so  distended, 
and  the  integument  so  thin  and  transparent,  that  through  it  the  eggs  or 
larvsB  could  be  seen  crowded  together.  Occasionally  examples  were 
observed  with  the  ovigerous  sac  empty  and  collapsed,  its  contents  having 
been  set  free. 

Herr  R  Buchholz  has  described  what  appears  to  be  a  different  species 
from  that  of  M.  Hesse  under  the  name  of  Notopterophorus  elongaius,t 
which  is  also  referred  to  by  Dr.   Giesbrecht  in  his  remarks  on  the 

*  Referring  to  this  part  of  the  animal.  Hesse  says : — *'  Le  thorax  est  groa  et  court;  il 
se  dirise  en  cinq  articles  k  pen  pr^  de  la  m6rae  grandeur,  sauf  pourtant  le  dernier  que 
est  le  double  dos  autree,  et  que  aoqiiiert  encore  un  volume  plus  considerable  k  mesure  qu 
'il  se  remplit  d'osufs,  et  oue  oeuz-ci  se  d^veloppement  par  I'incubation." 

fBrad^,  op.  cit,  p.  144. 

X  **  Beitriige  sur  Kenntniss  der  innerhalb  der  Ascidien  lebenden  parasitischen  Croataceen 
dee  Mittelmeerea."  ZeU$ckr.  WisM.  ZooL,  Band  19,  p.  127,  Uf.  Tiii.,  Og.  6,  and  taf.  iz., 
fig.  6  (1868). 
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NotodelpbyidsB* ;  while  Dr.  Oanu,  referring  to  the  distribution  of  this 
species,  speaks  of  it  as  occurring  in  the  Mediterranean,  the  English 
Channel  (Manche),  and  the  North  Sea.f  Dr.  G.  S.  Brady  records  the 
occurrence  of  one  or  two  specimens  of  NoiopterophoruB  elongattu 
amongst  some  things  sent  to  him  by  the  Rer.  A.  M.  Norman,  but  which 
were  lost  during  examination  and  before  they  were  described  and 
figured.^  Possibly  the  form  described  here  should  be  referred  to  the 
same  species,  and  ultimately  this  may  be  necessary.  Meantime,  however, 
I  am  inclined  to  identify  it  with  the  form  described  by  M.  Hesse. 

In  the  figure  of  Notopterophorua  dongatua  given  by  Dr.  Bucholz 
(fig.  6a,  pi.  viii.)  in  the  work  referred  to  in  the  footnote,  the  dorsal 
appendages  are  without  whip-like  filaments ;  and  the  excellent  drawings 
of  the  same  form  in  plate  zziii.  of  Dr.  Giesbrecht's  Beitrage  represent 
these  appendages  as  bearing  minute  hairs  instead  of  the  long  filaments 
seen  in  N,  papUio, 

Tribe  Caligoida. 

Fam.  Caligidfle. 

Genus  Nogagiu,  Leach  (1819). 

Nogagus  laiue^  sp.  n.     PL  xv.,  figs.  1-9  (cT). 

This  species  and  the  one  to  be  immediately  described  are  both  males, 
and  are  for  the  present  referred  to  the  genus  Nogague^  Loach ;  they  were 
observed  on  dog-fishes  captured  in  the  North  Sea. 

The  genus  Nogagus  is  not  a  satisfactory  one,  and  though  meantime 
allowed  to  stand,  is  not  considered  valid.  The  various  forms  that  have 
been  included  in  this  genus  are  all  of  thom  males,  and  are  supposed  to 
belong  to  other  genera,  of  which  the  females  only  are  known,  i.e.^ 
FandaruSf  Leach,  Dinenwura.  Baird,  EcMhrogaleuSf  Stp.  and  LUthk, 
etc.,  and  a  few  of  them  have  already  turned  out  to  be  the  males  of  such 
genera. 

The  males  and  females  of  those  species  that  have  already  been  satisfac- 
torily identified — as,  for  example,  Pandarus  earcharice,  Leach  (the  female), 
and  Nogagus  Ch'anchi,  Van  Beneden  (the  male) — are  so  unlike  each  other, 
not  only  in  general  appearance,  but  also  to  some  extent  in  structure,  that 
it  is  difficult  to  believe,  without  having  sufficient  proof  of  their  identity, 
that  they  can  belong  to  the  same  species.  Yet  it  seems  to  be  the  case,  in 
these  examples  at  least,  that  the  difference  between  them,  though  so 
pronounced,  is  only  sexual,  and  due  probably  to  a  difference  in  the 
habits  of  the  animals,  the  male  perhaps  living  a  more  free  life  than  the 
female. 

Steenstrup  and  LUtken  divided  the  Nagagi  into  two  groups,  the  chief 
differences  between  them  being  that  in  the  first  the  urosome  (abdomen) 
and  both  branches  of  the  first  four  pairs  of  thoracic  feet  consist  of  two 
articulations,  while  in  the  second  the  urosome  and  both  branches  of  the 
fourth  pair  of  feet  are  uni-articulate. 

One  of  the  forms  now  to  be  described— the  one  named  above— appears 
to  be  referrable  to  the  first  group,  but  the  other  differs  slightly  from 
both. 


•  CI 


Beitrlige  zur  Kenntniss  einiger  Notodelphyiden."     MiUk,  Zool.,  Slat.  Neapel^  8 
Band,  pp.  327,  828,  taf.  xzii..xxiv.  (1882). 
t "  lies  Cop^podes  du  Boiilonnaia."      Trav.  du  LaboreU.  de  Zool,  Mar.  dea  WimereuX' 


AmbUteme  (Pat-de-Oalau),  Tome  ri.,  p.  191  (1892). 
X  *'  Britiflh  Copepoda,"  vol  i.,  p.  144. 
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This  form — Nogagus  laius — has  a  close  general  resemblaDce  to 
Caligtu,  except  that  the  frontal  plates  are  without  lunulce.  The  cephalic 
shield  is  sub-rotnndate,  being  nearly  as  broad  as  it  is  long,  and  it  is  also 
nearly  equal  to  two-thirds  of  the  entire  length  of  the  animal.  The  fourth  and 
fifth  thoracic  segments  are  short  but  of  moderate  width  ;  the  last  is  about 
twice  the  length  of  the  preceding  segment  and  is  sub-quadrate  in  outline. 
The  urosome  is  small  and  appears  to  be  composed  of  two  segments.  The 
furcal  joints  are  also  short  and  broad,  while  the  apical  setae  have  the 
appearance  of  small  lamelliform  plates  fringed  with  delicate  hairs  (fig.  1). 

The  antennules  are  moderately  stout,  and  the  first  joint  is  furnished 
with  a  number  of  short  and  stout  plumose  bristles  round  the  distal  end, 
but  the  second  joint  is  smaller  and  bears  a  few  apical  spines  (fig.  2). 

The  second  antennules  are  also  stout,  and  they  are  each  armed  with  a 
strong  terminal  claw  (fig.  3). 

The  first  pair  of  maxillipeds  are  considerably  elongated  and  resemble 
nearly  the  same  appendages  in  Nogagtts  borealiSf  Stp.  and  Ltk.  (fig.  4). 

The  second  maxillipeds  are  short  and  very  robust,  their  distal  end  is 
moderately  truncate,  and  they  are  each  armed  with  a  short  but  strong 
terminal  claw  (fig.  5). 

The  first  pair  of  thoracic  feet  have  both  branches  short,  sub-equal,  and 
two-jointed ;  each  branch  is  provided  with  three  stout  and  moderately 
elongated  terminal  setffi,  the  outer  branch  having  also  a  few  short  spines 
on  the  exterior  margin,  as  shown  in  the  drawing  (fig.  6). 

The  .second  pair  is  rather  more  robust  than  the  first,  both  branches 
being  two-jointed  and  of  nearly  equal  length.  The  first  joint  of  the  inner 
branch  has  one  plumose  seta  on  the  inner  margin,  while  the  second  bears 
seven  or  eight  similar  setsd  round  its  distal  end.  The  first  joint  of  the 
outer  branch  is  also  furnished  with  a  seta  on  the  inner  margin  and  a 
small  spine  on  the  outer  distal  angle,  but  the  end  joint  carries  five  setaa 
round  the  inner  margin  and  apex  and  four  spines  on  the  exterior  edge 

(fig.  7)- 
The  third  pair,  which,  like  the  first  and  second,  has  both  branches 

hi- articulated,  is  also  moderately  stout,  but  the  branches,  though  armed 

nearly  as  in  the  second  pair,  are  rather  shorter  (fig.  8). 

The  structure  of  the  fourth  pair  is  similar  to  that  of  the  other  three, 
but  this  pair  is  rather  smaller,  and  both  branches  are  very  short.  One 
seta  springs  from  the  inner  distal  angle  of  the  first  joint  of  the  inner 
branch,  while  the  second  joint  carries  three  or  four  round  the  distal  end. 
The  first  joint  of  the  outer  branch  is  provided  with  a  small  spine 
exteriorly,  while  the  end  joint  has  five  setie  round  the  inner  margin  and 
apex,  and  three  or  four  small  spines  on  the  outer  margin  (fig.  9). 

Habitat, — On  piked  dog-fish  {Sqtudus  aeanthiua)  captured  in  the 
North  Sea  in  1902. 

Nogagus  ambiguuSf  sp.  jl     PI.  xv.,  figs.  10-17  (<;) 

In  this  species  the  cephalic  shield  is  of  an  oval  outline,  and  the  lateral 
margins  where  they  meet  anteriorly  form  a  more  or  less  distinctly  angular 
instead  of  a  broadly  rounded  front,  as  in  the  form  just  described.  The 
last  two  thoracic  segments  are  of  nearly  equal  size,  and  their  width  is 
about  one-third  of  that  of  the  cephalic  shield  at  its  widest  part.  The 
urosome  (abdomen)  consists  of  one  small  segment,  and  the  fursal  joints, 
which  are  also  very  short,  are  each  furnished  with  moderately  long 
plumose  setffi  (fig.  10). 

The  antennules,  which  are  of  average  size,  are  also  adorned  with  long 
plumose  setflB  (fig.  11). 
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The  first  maxillipeds  are  elongated,  and  each  is  armed  with  a  long  and 
powerful  terminal  claw  having  a  stout  seta  at  its  base  nearly  as  in 
Nogag%i8  lunaiua,  Stp.  and  Ltk. — a  species  which  this  form  resembles  in 
some  other  particulars  (fig.  12). 

The  second  maxillipeds  are  short  and  very  stout,  and  armed  with 
strong  terminal  claws  as  shown  in  the  drawing  (fig.  13). 

The  first  four  pairs  of  thoracic  feet  are  composed  of  two  sub-equal 
branches,  and  both  branches  in  each  of  the  first  three  pairs  are  distinctly 
two-jointed.  In  the  first  pair  the  end  joints  carry  three  long  plumose 
setiB,  the  end  joints  of  the  outer  branches  being  also  provided  with  four 
spines  on  the  exterior  margin  (fig.  14). 

The  second  pair  are  nearly  similar  in  structure  and  armature  to  the 
second  pair  in  Nogagua  laiua  (fig.  15). 

The  third  pair  also  resembles  the  same  pair  in  that  species,  but  the 
spines  on  the  exterior  edge  of  the  outer  branch  are  rather  stronger,  and 
the  second  joints  of  both  branches  are  provided  with  only  four  elongated 
though  stout  terminal  setae  (fig.  16). 

The  fourth  pair  are  rather  small,  and  the  inner  branch  is  bi-articulate  ; 
a  seta  springs  from  the  inner  distal  angle  of  the  first  joint,  and  the 
second  carries  three  terminal  setae.  The  outer  branch,  which  appears  to 
consist  of  two  coalescent  joints,  with  the  articulation  between  them 
obsolete  or  nearly  so,  bears  three  setae  round  the  inner  distal  margin, 
and  four  spines — three  small  and  one  moderately  large — on  the  exterior 
edge ;  the  setae  are  all  elongated  and  plumose  (fig.  17). 

Habitat, — ^Taken  from  a  piked  dog-fish  (Sqwlua  acanthi%M)  captured 
in  the  North  Sea  in  1902. 

Genus  Dtnemoura^  Latreille  (1829). 

Dinenumra  produeta  (0.  F.  Muller).     PI.  xv.,  figs,  18-20  (p). 

This  species  was  recorded  in  Part  IIL  of  the  Eighteenth  Annual  Report 
of  the  Fishery  Board  of  Scotland^  and  I  now  supplement  the  previous 
description  by  the  following  additional  note : — The  antennules,  as  shown 
by  the  drawing  (fig.  18),  resemble  in  their  armature  those  of  Nogague  lattu 
just  described.  The  first  pair  of  thoracic  feet  are  of  a  peculiar  structure ; 
the  inner  branch  is  small,  and  it  and  the  second  basal  joint  bear  a  few 
small  rounded  wart-like  processes.  The  outer  branch  has  the  first  joint 
expanded  and  gibbous  at  the  proximal  end  exteriorly,  while  the  distal 
end  is  produced  so  as  to  extend  partly  over  the  small  rounded  second 
joint.  Both  branches  are  furnished  with  three  marginal  or  sub-terminal 
arcuate  setae  fig.  (19). 

The  second  pair,  which  is  also  slightly  distorted,  has  both  branches 
three- jointed  and  of  about  equal  length.  The  drawing  (fig.  20)  shows 
the  structure  and  armature  of  this  pair. 

This  species  has  been  obtained  occasionally  on  Porbeagle  sharks  landed 
at  the  Aberdeen  Fish-market. 

Another  species  usually  found  on  the  Porbeagle  shark,  viz.,  Echthro- 
galeus  eoleoptratiu,  has  also  been  obtained  adhering  to  the  dorsal  fin  of  a 
piked  dog-fish  that  was  captured  in  the  Moray  Firth  in  October,  1900. 
I  do  not  know  of  any  previous  record  of  Eehthrogaleue  from  this  fish. 
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EXPLANATION  OF  THE  PLATES. 


PLATE  Xm. 
ffarrUtdla  timnlan*.  T.  Scott 

1.  Uale,  dora«l  Tiew,  .  -  -  -  . 

2.  ADtennala  of  nule,  .... 
8.  Foot  of  sacond  pMr,  male,  .  -  .  . 
i.  Foot  of  fourth  p^,  femala, 

S.  Foot  of  fourth  pur,  nude,  .  .  -  . 

LaophmUdt*  (yjweiu,  T.  Scott. 


Fig.  S.  Fenula,  doml  Tiew, 

Fig.  7.  Anteaauleofmiile, 

Fig.  8.  Handible  and  palp. 

Fig.  0.  Maiilla,      -  -  -  . 

Fig.  10.   Fir«t  muilliped,     - 

Fig.  11.  Foot  ofRnt  pair,  maleand  female, 

Fig.  12.  Foot  of  third  p«ir,  male,     - 

Kig,  13.   Foot  of  fourth  pair,  male  and  female. 

Fig.  14.  Foot  of  fifth  pair,  female,    - 

Fig.  IB.  Foot  of  firth  pair,  male,       ■ 


PLATE  XrV, 

Netopttrophorvt  (o)  papUio,  U.  Heaa. 

Fig.     ].  Female,  aide  view,               .... 

Fig.     2.  Tlip  aamo.  dorul  viow,         .... 

Fig.     S.  Young  fi^mnlc  with  a  male  adhering  to  it,  . 

Fig.     4.  Antennule  of  female,           .... 

Fig.     (.  Anteonule  of  male,              .... 

Fig.    6.  Antenna  of  female,  ..... 

Fig.     7.  Antenna  of  male,     ..... 

Fig.     S.  Mandible  and  pnlp,             .... 

Fig.     9.  Hoxilla, 

Fig.  10.  Firflt  maiilliped, 

Fig.  11.  Second  luaniniprf,  ..... 

Fig.  12.  Foot  if  first  pair.  tciii*le,    .... 

Kig.  13.  Foot  of  first  pair,  male,       .... 

Fig.  14.  Foot  of  aecond  pair,  female. 

Fig.  15.  Foot  of  second  pair,  male,  .... 

Fig.  IS.  Foot  of  third  pur,  female, - 

Fig.  17.  Fnot  of  fonrth  pair,  male,   .... 

Fig.  IH.  Footoffifthpkir,  female,   .           .           ■           • 

Fig.  19.  Oneofthenircsljoints,      .... 


yogajfng  latut,  ep.  i 


Fig.  1.  Hole,  ilonal  view,   - 

Fig.  2.  Antennule  of  the  ««me, 

Fig.  8.  Antenna, 

Fig.  t.  FiratmBtittiped,     ■ 

Fig.  5.  Swoiiii  niaiilhjK-i, . 

Fig.  6.  Foot  of  lirat  peit,     - 

Fig.  7.  Foot  ofaeoond  pair. 

Fig.  e.  Foot  ol  third  pair,  - 

Fig.  B.  Foot  of  fonrth  pair, 
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Nog<igtu  ambiguua,  sp.  n. 

DUm. 

Fig.  10.  Male,  donal  view,  •  •  x  20 

Fig.  11.  Antennnle  of  the  same,  •  x  90 

Fig.  12.  First  maxillijied,                                          -            -  •  x  90 

Fig.  18.  Second  msxilliped,  -  .  x  60 

Tig,  14.  Foot  of  first  pair,    -  -  x  46 

Fig.  15.  Foot  of  second  pair,  -  x  SO 

Fig.  16.  Foot  of  third  pair,  -  -  x  45 

Fig.  17.  Foot  of  fourth  pair,  x  45 

Dinemottra  produeta  (0.  F.  Miller). 

Fig.  18.  Antennnle  of  female,  -  x  40 

Fig.  19.  Foot  of  first  pair  of  same,   -                                               -  -  x  26 

Fig.  20.  Foot  of  second  pair,             .....  x  18 
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ASCOTT.  DEL,AON 


F.  B.  REPORT.  1907 


A-SCOTT.  DEL.AD  HM.- 


t.  B.  REPORT.  180» 


A  Scott.  delaJucta.  O-F.HiiLiiR. 
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IV.— THE  SPAWNING,  GROWTH,  AND  MOVEMENT  OF  THE 
MUSSEL  (MYTILUS  KDULIS,  L.\  HORSE-MUSSEL 
(MODIOLUS  MODIOLUS,  L,)  AND  THE  8POUTFI8H 
(SOLBN  SILIQUA,  L.)  By  H.  Chas.  Williamson,  M.A.,  D.Sc, 
Marine  Laboratory,  Abei*deen. 

(Plates  XVI.-XX.) 
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During  the  past  three  years  I  have  carried  on  certain  exf)eriment8 
bearing  on-  the  natural  history  of  the  Mussel,  and  the  results  are 
embodied  in  the  following  pages. 

There  is  an  extensive  literature  on  the  mussel  and  its  culture,  and, 
notwithstanding  that  fact,  there  are  various  points  in  its  life-history 
which  require  further  elucidation.  While  the  development  has  been 
studied  by  several  authors,  especially  by  Wilson,  there  are  still  blanks 
in  the  early  life-history.  And  many  of  the  causes  which  influence  the 
well-being  of  the  mussel  in  different  localities  are  not  clearly   defined. 

The  facts  which  I  am  able  to  communicate  extend  our  knowledge  of 
the  spawning,  growth,  and  movement  of  the  shell-fish. 

I  shall  first  of  all  discuss  the  development  of  the  reproductive  organs, 
and  the  appearance  of  the  mussel  in  different  months  of  the  year. 


Hie  Development  of  the  Reproductive  Orga/ne, 

In  the  quiescent  period,  according  to  Wilson,  the  mantle  lobes  are 
delicate  and  transparent.  "  The  follicles  are  racemose  outgrowths  of 
the  minor  genital  canals,  .  .  .  and  they  may  be  observed  pushing 
their  way  in  the  mantle  until  they  reach  nearly  to  the  pallial  muscle. 
With  a  little  experience  it  is  possible  to  detect  the  sex  of  the  specimen, 
the  darker  orange  tinge  and  the  lef>s  distinctly  botryoidal  arrangement  of 
the  female,  as  contrasted  with  the  male  glands,  being  usually  marked. 
The  colour  may  be  almost  absent  in  comparatively  young  forms  of  both 
sexes.  The  genital  ducts  lie  mostly  toward  the  outer  side  of  the  mantle. 
Where  the  branches  enter  the  follicle  they  may  have  4;iliated  columnar 
epithelium  on  the  one  side  and  germinal  epithelium  on  the  other. 
The  genital  tube  is  one  of  two  common  ducts  which  pass  to  the  outside." 
p 
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The  mussels  examined  in  the  Laboratory  have  been  obtained  from  two 
sources  mainly,  viz.,  from  Mr.  Allan,  mussel  merchant,  Tony,  and  from 
the  sides  of  the  pond  at  the  Bay  of  Nigg.  The  description  of  the  mussels 
may  be  conveniently  taken  under  the  denomination  of  the  month,  and, 
beginning  with  September,  that  arrangement  will  be  followed. 

Septkhbbb. — The  mussels  obtained  from  the  side  of  the  pond  were 
fat,  and  had  in  the  majority  of  cases  yellow-coloured  mantles.  This 
colour  appears  to  be  due  to  fat.  One  or  two  had  thin  dark-orange  mantles ; 
they  are  probably  spent,  or  mussels  that  had  not  yet  fattened. 

From  a  lot  supplied  by  the  merchant,  two  fat  mussels  were  examined. 
In  one  the  mantle  was  cream-coloured ;  in  the  other  it  was  much  paler. 
Under  the  microscope  very  small  spherical  corpuscles  were  seen  along  with 
broken  ground  tissue.  One  or  two  of  the  corpuscles  had  a  slight 
motion. 

November  19,  1906. — Some  mussels  measuring  up  to  1 J  inches  in 
length  were  obtained  from  the  walls  of  the  upper  reservoir  tank.  They 
were  in  poor  condition,  with  translucent  mantles.  The  two  sexes  were 
distinguished  with  difficulty.  Two  different  classes  were  noted — one  in 
which  the  mantle  and  the  abdomen  were  of  a  yellow  colour ;  the  other 
in  which  the  same  parts  are  slightly  orange-coloured.  Brown  VBinings 
are  seen  in  the  mantle  of  the  latter.  These  brown  veins  are  lined  with 
cilia,  in  parts  at  least,  and  are  filled  with  brown  corpuscles,  which,  vary- 
ing in  size,  debouch  from  the  cut  ends  of  the  canals.  There  are  also  in 
the  tissue  of  the  mantle  little  colourless  ovoid  bodies  which,  under  a  high 
power,  are  seen  to  consist  of  several  cells  enclosed  in  an  envelope.  TJn&r 
medium  and  low  powers  the  groups  are  egg-like.  In  the  other  musssl 
the  canals  are,  by  reflected  light,  of  a  light  yellow  colour  ;  by  transmitted 
light  they  are  dark.  They  are  wide,  and  packed  with  small  round  cells. 
When  pressed  out  of  the  canal  they  are  accompanied  by  small  oscillating 
corpuscles.  There  are  numbers  of  small  cells  between  the  canals 
differently  arranged  from  the  former  mussel. 

November  27,  1906. — Mussels  were  obtained  from  the  big  pond. 
They  are  fat,  and  show  various  conditions.  Some  of  them  had  white 
mantles.  These,  certain  local  fishermen  considered  to  be  better  for  bait 
than  the  yellow  mantle.  They  regard  the  yellow  mantle  as  indicating 
spawning. 

There  were  mussels  showing  mantles  of  intermediate  shades  of  colouring 
between  the  white  and  deep  yellow  or  cream.  The  white  and  light 
cream  mantles  have  colourless  veining.  Others,  dark  cream  in  colour, 
have  brown  veinings  and  amber  spots.  In  one  large  mussel  the  mantle  was 
of  a  light  cream-colour,  with  amber-coloured  veins,  and  it  had  its  surface 
mottled  with  amber.  The  amber  colour  is  due  to  minute  amber-coloured 
cells  of  various  sizes,  some  of  them  being  fairly  large  oval  cells  with 
nuclei.  There  is  also  present  a  great  quantity  of  refractive  corpuscles. 
In  the  case  of  the  deep-cream  manUe,  the  ground  is  white  with  an  amber 
mottling  developed  over  it.  In  the  light-cream  mantle  the  brown  cells 
are  absent,  but  clear  cells  containing  what  resemble  the  heads  of  sperms 
were  observed.     The  veining  and  mottling  are  rather  colourless. 

November  19,  1906.— The  mussels  supplied  were  principally  fat,  with 
heavy  thick  mantle,  white  or  yellow  in  colour.  Some  small  mussels  had 
pale  thin  mantles  coloured  brown,  showing  brown  veinings  with  little 
brown  corpuscles.  The  white  mantle  when  teazed  out  showed  clear 
round  cells  with  large  nucleus  and  pitcher-like  cells  crowded  with  small 
refractive  corpuscles  mixed  with  small  fat  corpuscles.  Great  numbers  of 
stpall  refractive  corpuscles  were  free.     The  veins  were  polourleas,     Ji 
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second  mussel  had  a  cream-coloured  mantle.     It  had  brown  veins,  and  was 
crowded  with  minute  corpuscles  which  looked  like  the  heads  of  sperms. 

Dbcbmber  15,  1906. — The  mussels  supplied  by  the  merchant  were  of 
two  distinct  colours,  viz.,  (1)  light  cream  mantle,  and  (2)  dark  cream, 
inclining  to  orange.  In  the  first  class,  on  teazing  a  portion  a  white  fluid 
is  obtained  that  coagulates  on  the  addirion  of  fresh-water.  The  mantle 
consists  of  a  very  slight  stringy  tissue ;  hardly  any  basement  or  ground- 
work tissue  is  made  out.  The  principal  constituent  is  very  minute 
oscillating  corpuscles  (fat)  and  pitcher-shaped  cells  full  of  larger 
corpuscles.  Some  round  cells  with  large  nucleus  and  nucleolus  were  also 
noticed.  In  one  or  two  of  the  main  vessels  little  brown  patches  were 
seen. 

In  the  second  lot  a  slight  milkiness,  due  to  fatty  corpuscles,  was 
obtained  on  teazing  a  portion  of  the  mantle.  Pouches  were  made  out, 
with  large  dividing  cells,  and  also  some  bodies  apparently  glandular, 
showing  a  central  cavity  and  a  great  number  of  minute  cells. 

Jakuabt  21,  1907. — On  this  date  the  mussel8  supplied  to  the  Labora- 
tory ware  a^arated  into  two  classes  by  the  colour  of  the  mantles — (1)  a 
cream-coloured  mantle,  and  (2),  an  orange-coloured  mantle.  There  are 
others  which  have  a  pink-cream  hue.  Some  have  thin  orange-coloured 
mantles.  In  large  specimens  the  orange- coloured  .  mantles  are  thick,  and 
show  traces  of  a  creamy-coloured  base. 

On  cutting  into  the  creamy-white  mantle  a  pale  white  fluid  issues 
Under  the  microscope  it  is  seen  to  consist  of  ruptured  thin-walled 
oapealee,  and  there  are  also  minute  bead-like  corpuscles  and  oil 
oorpuacles. 

In  the  orange  mantle  there  are  little  brown  cells  of  various  sizes 
mostly  minute.     They  show  a  nucleus. 

The  mantle  of  a  small  mussel  was  full  of  brown  capsules  filled  with 
brown  corpuscles  of  various  sizeo,  and  also  of  colourless  corpuscles.  The 
brown  corpuscles  are  in  most  cases  very  small ;  some  larger  were  seen  to 
be  dividing.  The  brown  corpuscles  are  attached  in  little  groups.  There 
is  a  colourless  connective  tissue  with  long  cells  and  an  apparently 
albuminous  blootl- fluid.  The  capsules  appear  to  be  full  of  an  albuminous 
corpusculated  fluid,  in  which  the  brown  corpuscles  are  growing. 

In  the  large  mussels  the  capsules  are  not  so  brown,  but  the  brown 
corpuscles  are  dividing.  There  are  also  present  colourless  cells  with 
nuclei. 

February  27,  1907. — ^The  mussels  were  now  distinctly  yellow  (male) 
and  red-coloured  (female).     The  red  colour  was  in  various  stages. 

The  male  mussel  was  not  very  far  advanced ;  the  spermatophores  con- 
tain round  corpuscles,  which  oscillated  very  vigorously  ;  they  were  of 
all  »\Zi'». 

April  11,  1907. — Some  mussels  that  were  shelled  on  the  previous  day 
were  examined  on  this  date.     The  cilia  in  some  were  still  working. 

The  male  had  a  pale  mantle  with  the  spermaries  forming  a  prominent 
white  granular  layer  on  it.  The  paler  i>art  is  seen  to  be  divided  up  with 
pale-coloured  spermaries,  and  the.<e  are  sacs  full  of  sperms,  not  quite  so 
large  as  the  white  sacs.  The  white  sacs  are  large  and  more  widely 
separated  from  one  another  than  are  the  egg-sacs  in  the  female. 

In  some  females  the  ground- work  of  the  mantle  is  orange-coloured;  the 
ovaries  are  white.  The  fringe  of  the  mantle  is  distinctly  orange -coloured, 
and  shows  brown  bodies  in  vessels.  In  another  female  the  mantle  was 
not  orange-coloured,  but  it  had  small  closely-packed  egg-cases  and  similar 
brown  bodies.  The  eggs  are  quite  white,  pitcher-shaped,  with  a  well- 
marked  nncleua,  possessing  a  nucleolus.    The  nucleus,  as  Wilson  pointed 
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out,  appears  to  have  a  distinct  oell-wall.  Tlie  egg  is  Ofulwid  am 
about  0'7min  in  diameter ;  it  is  filled  with  yolk  graaulas^  The  nndeiuiy 
according  to  M'lntoeb,  shows  as  a  cleared  part  lA  the  midst  of  the  egg. 
In  some  cases  it  is  burst  clear  out  of  the  egg,  and  can  be  seen  as  a  demr 
circular  body  with  a  prominent  nucleolns.  It  measures  0*6mm.  and  lev 
in  diameter. 

Seen  alongside  the  mantle  of  the  male,  that  of  one  female,  with  its 
ovisacs  had  a  very  slight  cream  colouration. 

In  the  female  the  ovisacs  were  more  equally  developed,  inter  as,  in 
contrast  with  the  two  distinct  stages  of  development  in  the  same  mantle 
of  the  male.  The  latter  fact  will  bear  upon  the  question  of  the  duration 
of  the  spawning  period,  and  the  possibility  of  the  mussel  spawning  twice 
during  the  same  season. 

In  one  mussel  which  had  a  thin  orange-coloured  mantle,  I  was  unable 
to  make  out  definite  sexual  elements. 

Afkil  15,  1907. — Some  mussels  that  were  taken  from  the  wall  of  the 
big  pond  had  been  kept  in  a  sunk  box. 

On  opening  them  they  were  found  to  be  fat.  The  sexes  ware  veiy 
distinct.  The  male  had  a  deep  cream-coloured  mantle  and  abdomen. 
The  female  was  of  a  chocolate- pink. 

The  sperm-sacs  were  distinct — white.  The  vessels  in  the  mantle  were 
translucent — amber.  On  cutting  into  the  mantle  a  milky  fluid  issued.  The 
sperms  were  alive,  and,  under  Zeiss  Obj.  D.D. :  oc.  4,  showed  fairly  lai^. 

In  the  female  the  ovisacs  were  only  distinguished  with  difficulty  in  the 
general  ground  of  the  mantle.  The  vessels  were  similar  to  those  in  the 
male.  On  teasing  the  maTitle  the  eggs  were  obtained,  but  in  most  cases 
they  were  burst.  They  were  oval,  round,  or  pear-shaped,  measuring 
'07>*lmm.  in  diameter.  There  is  a  large  pore  in  the  zona,  and  by  it  the 
yolk  corpuscles  pour  out.  The  yolk  granules  wriggle  about ;  they  are 
smaller  than  the  sperms.  I  was  not  able  to  make  out  any  connection 
of  the  eg^s  to  the  ovarian  tissue,  even  when  they  were  sticking 
together  en  masse.  The  pore  in  the  zona  is  a  clean-cut  hole.  The  pres- 
sure of  the  cover  glass  in  some  cases  forces  out  the  nucleus,  although  it 
is  of  greater  diameter  than  the  opening.  In  other  cases  the  nucleus 
remains  inside  while  the  yolk  granules  nearly  all  pour  out.  The  nucleus 
retains  its  shape  after  it  issues  from  the  pore.  It  exhibits  a  slight 
granular  structure.  Sometimes  there  are  a  few  yolk  granules  attached 
to  it.  Occasionally  the  nucleus  is  accompanied  by  what  appears  to  be  a 
little  nucleus. 

The  gills  and  labial  palps  in  both  sexes  are  sometimes  orange-coloured ; 
in  the  female  rather  darker  than  in  the  male.  In  the  latter  sex,  however, 
they  are  also  found  colourless. 

April  29,  1907. — The  mussels  supplied  at  this  date  were  not  apparently 
so  far  advanced  as  some  already  examined. 

Some  of  them  were  fat  and  yellow  in  colour.  On  dissecting,  a  pale 
white  fluid  was  got ;  it  is  albuminous,  and  coagulates  on  the  slide  when 
fresh  water  is  added.  It  contained  small  round  corpuscles,  and  cells  full 
of  dark  refractive  corpuscles. 

The  other  mussels  were  pale  and  of  a  slight  orange  tinge,  having  thin 
mantles.  In  them  were  observed  pitcher-shaped  cells  showing  a  dear 
nucleus.    The  eggs  are  not.  very  far  developed. 

Mat  1,  1906. — The  mussels  on  this  date  were  nearly  all  pink^  They 
were  females  with  well-developed  ova.  The  pink  region  is  the  mantle, 
which  is  almost  wholly  that  colour. 

Mat  31,  1907. — Some  mussels  were  covered  with  barnacles.  They 
were  not  fat.  The  mantles  were  thin,  having  a  clear  ground  tissnei 
and  reproductive  organs  nearly  ripe. 
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June  3,  1987. — Some  pond  mussels  had  been  kept  in  aquaria  in  order 
that  the  spawn  might  be  observed.  Up  till  this  date  none  had  been 
noticed.  The  mussels  were  examined  and  found  to  have  red  ovaries. 
The  yolk  granules  poured  out  of  the  egg.  ,  The  zona  appeared  to 
be  two-layered.  The  nucleus  seemed  to  be  simply  a  naked  sphere  of 
clear  protoplasm.  Sperms  were  obtained  from  a  dirty-yellow  or  amber- 
colourcd  mantle. 

June  25,  1907. — Some  mussels  were  obtained  through  the  kindness 
of  Professor  M'Intosh,  from  St.  Andrews. 

The  mantle  of  the  mussel  had  its  central  part  filled  with  reproductive 
elements,  but  showed  surrounding  that  portion  a  more  or  less  broad  clear 
margin.  In  the  female  the  sexual  part  was  orange-coloured,  and  in  the 
male  whitish.  A  larger  proportion  of  the  mantle  was,  in  most  of  the 
cases  examined,  filled  in  the  female  than  in  the  male.  The  thin 
dark-orange  mantle  (female)  showed  little  white  bodies  all  over  the 
orange  groundwork.  In  the  male  the  white  bodies  were  not  so  distinct, 
but  larger,  measuring  about  ^^^-inch.  The  eggs  were  of  the  usual 
type  of  the  unripe  egg,  having  a  big  pore  from  which  the  yolk  granules 
pour,  and  having  a  nucleus  with  a  sharp  outline.  The  zona  was  all 
crumpled,  and  evidently  consisted  of  two  layers. 

In  the  spermaries  there  were  bodies  similar  to  the  heads  of  sperms 
consisting  of  a  circular  head  with  a  tapering  manubrium-like  prolongation. 
Several  groups  of  these  were  seen  united  by  the  ends  of  their 
manubria. 

June  28,  1907. — Some  of  the  St.  Andrews  mussels  were  examined 
on  this  date.  Several  males  measured  from  2  ins.  to  2}  ins.  in  length. 
The  mantle  was  about  ^^-inch  in  thickness,  and  was  only  partly 
occupied  with  reproductive  organs.  The  females,  measuring  3^  ins.  to 
3|  ins.,  showed  thin  mantles,  which,  as  in  the  males,  were  not  fully  occu- 
pied by  the  ovaries. 

JuLT  16,  1907. — A  mussel  which  was  examined  on  this  date  had  red 
ovaries  approaching  ripeness.  The  reproductive  organs  were  restricted 
to  part  of  the  mantle. 

July  19,  1907. — Six  mussels  from  the  pond  were  examined  on  this 
date.  They  belong  to  the  lot  which  was  sampled  in  April.  They 
measured  from  2-2|  inches.  One  of  them  is  shown  in  figs.  103  and  104. 
Five  were  males,  the  sixth  was  a  female. 

The  mantle  of  the  male  mussels  was  in  some  cases  of  a  light  cream 
colour,  in  others  of  a  dark  cream  colour.  Practically  the 
whole  of  the  mantle,  with  the  exception  of  a  small  portion  at 
the  anterior  lower  side,  was  occupied  with  the  cream -coloured 
organs.  The  mantle  was  about  ^th  inch  in  thickness.  The  organ  is 
thinner  towards  the  margin.  The  spermaries  were  not  so  prominent. 
The  mantle  shows  an  uniform  cream-coloured  surface,  which  under  a  lens 
is  seen  to  be  broken  up  into  little  roundish  bodies.  It  differs  from  the 
condition  seen  earlier  in  the  year.  On  cuttinji;  into  the  mantle  a  whiteish 
fluid  issued ;  it  consisted  wholly  of  ripe  sperms.  Where  a  portion  of  the 
tissue  was  teazed  and  pressed  out  under  a  cover-glass  a  delicate  network 
tissue  which  resembles  vessels,  and  having  associated  with  it  groups  of  the 
heads  of  sperms  stuck  together,  was  made  out.  The  sperm  heads  had  the 
manubrium-like  process  but  no  tails.  The  tissue  consists  of  vessels, 
stringy  fibres,  and  fairly  large  pouches  crowded  with  heads  of  sperms 
Ihere  are  also  some  round  cells  in  the  pouch  ;  they  are  larger  than  the 
heads  of  the  sperms  :  they  may  be  gland  cells  on  the  wall  of  the  pouch. 
On  dissecting  the  abdominal  process  ripe  sperms,  with  tails,  clear 
corpocles  (fat),  and  groups  of  cells  showing    ranular  contents  were  found ; 
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they  were  macsed  together  or  separate — probably  glandular.     The  veins 
were  of  a  dark  amber  colour. 

The  female  mussel  had  a  mantle  of  an  uniform  light-pink  colour 
Although  it  is  fuller  than  in  the  mussels  examined  in  June,  it  is  not 
completely  filled.  It  was  about  ^th  of  an  inch  in  thickness.  On  cutting 
into  the  mantle  a  pink  or  red-ochre  fluid  was  obtained.  It  consisted  of 
eggs  (most  of  which  were  partially  or  wholly  emptied  of  their  yolk 
contents),  reddish  yolk  corpuscles,  and  nuclei.  All  the  eggs  had  a  distinct 
pore  in  the  zona  ;  it  varied  in  size,  and  had  ragged  edges  in  some  cases  as 
if  it  had  been  torn  away  from  some  attachment  (fig  12).  The  iiuelei  are 
very  ductile,  as  they  pass  out  through  an  opening  smaller  than  their  own 
diameter.  They  have  a  sharp  outline,  with  a  distinct  hyaline  outside 
layer;  the  contents  are  granular,  and  enclose  sometimes  a  nucleolus. 
In  no  case  did  the  nucleus  show  a  ruptured  or  crumpled 
wall.  In  some  cases  the  nucleus  (n)  plugs  the  pore  (fig  35). 
The  eggs  are  arranged  in  a  pouch  which  seems  to  be  an 
expansion  of  a  large  vessel.  The  egg  would  appear  to  be  attached  by  its 
outer  layer  to  the  inside  wall  of  the  pouch.  When  the  egg  is  torn  from 
its  attachment  the  yolk  granules  usually  pour  out,  although  it  is  not  so 
in  every  case ;  vide  fig.  1 2,  where  the  inner  layer  of  the  zona  is  evidently 
preventing  the  escape  of  the  yolk.  The  inner  layer  appears  to  bo  very 
delicate.  The  outside  of  the  pouch  was  also  supplied  with  what  looked 
like  vessels.  The  mantle  tissue  on  teazing  is  reduced  to  eggs  and  a 
stringy  material,  probably  vessels.  There  is  no  evident  amount  of  fat. 
In  the  abdominal  process  were  found  eggs,  and  some  round  cells  with 
granular  contents  and  others  with  brown  granules.  The  round  cells  are 
in  total  size  only  about  equal  to  the  nucleus  of  the  egg.  Under  a 
high  power  the  yolk  granules  are  amber-coloured. 

These  mussels  were  judged  to  be  of  good  quality  from  the  fishing  point 
of  view.  By  one  authority  they  were  referred  to  as  **  fatty  mussels  "  (figs. 
93  and  95). 

Another  of  these  mussels  had  a  mantle  which  in  general  colour 
resembled  a  peach.  It  had  a  cream-coloured  ground,  with  an  amber 
mottling.     The  eggs  were  amber  in  colour. 

Sept.  2,  1907. — The  mussels  supplied  at  this  date  by  the  merchant 
were,  in  respect  to  the  mantle,  coloured  white  in  some  cases,  cream  in 
others,  and  in  a  proportion  orange- cream. 

The  white  mantle  had  a  slight  cream  tinge.  It  was  not  thick,  only 
^inch.  Under  the  lens  it  showed  a  close  white  network  with  translucent 
amber-coloured  spaces  between.  Owing  to  the  great  development  of  the 
white  branching  in  the  inferior  half  of  the  mantle,  the  translucent  parts 
are  merely  dots  there.  In  the  superior  portion,  that  next  its  attach- 
ment to  the  organ  of  Bojanus,  the  branching  is  less  close  and  the  spaces 
bigger.  The  white  branching  extends  over  the  organ  of  Bojanus  in  close 
connection  with  the  surface  vessels  :  it  is  along  each  side  of  the  vessels 
and  their  branches.  The  vessels  in  the  mantle  are  translucent,  and  their 
branching  forms  a  trat.alucent  network.  There  are  a  few  small  patches 
of  amber-coloured  corpuscles  on  the  superior  part  of  the  mantle,  near  the 
posterior  adductor.  On  teazing  a  portion  of  the  mantle,  nothing  was 
made  out  except  a  mass  of  minute  corpuscles  bound  with  connective 
tissue,  and  a  few  groups  of  amber-coloured  bodies.  In  a  portion  from 
the  superior  part  of  the  mantle  there  was,  in  addition  to  the  above,  some 
transparent  bodies,  certain  of  which  showed  part  granular  contents  and 
more  or  less  irregular  outline. 

Up  till  November  2,  mussels  containing  ripe  sperms  and  full-sized  eggs 
were  obtained.     On  this  date  the  ovaries  could  still  be  made  out  on  the 
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surface  of  the  maatle  in  one  specimeu.  The  reproductive  elements 
were,  however,  usually  hid  by  the  fat  condition  of  the  mantle.  The 
mussels  which  contained  ripe  sperms  had  mantles  of  the  following 
colours  : — white,  light  cream,  and  deep  cream.  In  the  females  con- 
taining full-sized  eggs  the  jnantles  were  coloured  white,  cream,  and 
yellow,  with,  in  each  case,  a  pinkish  tinge,  and  dark-red.  When  the 
mantle  of  the  male  mussel  is  cut  across  the  section  is  yellow,  and  from 
it  a  white  fluid  oozes.     In  the  female  the  section  is  brown-mottled. 

On  November  2,  two  females  were  examined  in  which  the  reproductive 
organs  were  quiescent.  In  the  first  case  the  mantle  was  of  a  deep 
orange-red  or  chocolate,  a  colour  nearly  resembling  that  of  a  ripe  mussel. 
The  tissue  was  mottled  with  brown  corpuscles.  The  body  fluid  that 
issued  on  teazing  a  portion  of  the  mantle  consisted  of  minute  clear  drops. 
In  the  second  case  the  mantle  was  of  a  light  yellow  colour. 

M'Intofth  examined  mussels  from  January  to  July.  In  January 
**  the  mantle  was,  when  compared  with  an  undeveloped  specimen, 
considerably  thicker.  A  male  measuring  3|  irches  in  length  presented 
in  the  thickened  generative  region  large,  pale,  round  sperm-sacs  filled  with 
minute  spermatozoa,  which  have  minute  ovoid  bodies  with  finely  filamen- 
tous tails.  They  are  lively  and  tenacious  of  life.  .  .  .  The  female 
had  the  same  region  of  the  mantle  crowded  with  a  prodigious  number  of 
minute  ova.  In  shape  they  are  ovoid,  with  a  transparent  investment  and 
an  inner  granular  yolk  with  a  pale  circular  area.  In  February  the 
mantle  .  .  .  increased  considerably  in  thickness.  The  whole  surface 
of  the  mantle  became  speckled  in  both  sexes  with  the  reproductive 
elements.  .  .  .  The  mantle  in  one  case  had  increased  in  thickness 
to  about  |-inch,  and  the  development  of  the  sperm-sacs  seemed  to  proceed 
from  the  dorsal  to  the  ventral  edge  of  the  mantle.  Even  in  specimens 
in  which  the  shell  has  been  injured  and  the  mantle  remains  thin  at 
certain  places,  an  immense  number  of  ova  are  developed.  After  full 
maturity  is  obtained,  as  in  April,  the  orange  mantle  is  richly  marked  in 
an  aborescent  manner  by  racemose  sperm-sacs  and  ducts,  especially 
towards  the  margin,  and  when  the  mantle  is  swollen  out  with  water  the 
sperm-sacs  project  like  bunches  of  grapes.  In  the  female  this  appearance 
is  not  so  evident,  for  the  ova  are  grouped  in  masses  of  a  circular  or 
ovoid  form  and  densely  packed.  The  females  at  the  end  of  May  now 
contained  comparatively  few  ova,  and  the  mantle  had  diminished  consider- 
ably in  thickness.  Much  granular  brownish  pigment  was  present  in  the 
latter.  On  the  9th  June  the  female  mussels  still  showed  some  ova  in 
the  thickened  dorsal  region  of  the  mantle,  but  the  margins  were  pale  and 
thin.  As  before,  much  brownish  pigment  was  present.  In  July  the 
dendritic  appearance  of  the  salmon-coloured  mantle  was  less  marked,  and 
neither  ova  nor  spermatozoa  could  be  distinguished  microscopically. 
The  general  stroma  was  granular  and  minutely  cellular,  as  if  a  general 
resolution  of  the  tissue  were  taking  place,  and  the  characteristics  of  the 
sexes  were  absent." 

The  eggs  would,  then,  appear  to  be  derived  from  the  minute  brown- 
coloured  cells  seen  in  the  mantle  of  the  unripe  mussel.  The  thick  fat 
mantle  is  not  a  necessary  precursor  to  reproductive  activity.  The  little 
brown  cells  seem  to  be  supplied  with  chlorophyll,  and  are  found  at  the 
end  of  the  year  in  thin  mantles  as  well  as  in  fat  mantles.  Any  one 
lot  of  mussels  consists  usually  of  a  mixture  of  fat  and  thin  mantlet, 
showing  that  even  where  the  water  may  be  abundantly  supplied  with 
food  some  mussels  may  still,  from  the  accident  of  their  situation,  be 
starved.  In  one  case  the  sample  may  show  a  majority  of  fat,  in  another 
a  majority  of  thin  mantles. 
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MahirUif  and  Spauming, 

Wilson  sayB  that  the  muBsel  may  become  ripe  when  one  year  <M. 
He  found  ripe  sexual  elements  in  musMls  measuring  ^inch  in  lengtlu 
At  the  Bay  of  Nigg  one  mussel  which  was  ^-inch  long  spawned. 

M'Intoeh  gives  the  spawning-time  as  lasting  from  April  to  June. 

Spawning  op  tbm  FBMALi.>-At  the  Bay  of  Nigg  mussels  ware 
observed  to  spawn  on  three  oocssioni^  vis. — (1)  a  mussel  measuring  21 
inches  on  6th  April ;  (2)  a  second  of  the  same  size  on  1st  June ;  and  (3) 
two  mussels  messuring  respectively  |-inch  and  l|-inoh  on  June  30th. 

Scott  found  that  the  mussels  at  Piel  Laboratory  spawned  between  tlie 
begiuiung  of  May  and  the  middle  of  July.  The  eggs  were  being  dia- 
chaiged  some  time  before  the  sperms  were  observed,  viz.,  13th  June. 
The  spawning  of  the  eggs  usually  took  place  during  the  night,  but  he  had 
an  opportunity  of  observing  the  manner  in  which  they  left  the  parent. 
"  The  embryos  flow  from  the  female  in  a  slow  distinct  current.  When  not 
disturbed  they  settle  down  on  the  mud  close  to  the  parent  as  an  obvious 
pink  mass." 

The  mussel  which  spawned  on  1st  June  had  been  brought  from  Klaksyig, 
Faroe,  by  Captain  Sutherland,  at.  "  Pointer,"  of  Aberdeen.  It  was 
obtained  on  1st  May,  and  had  been  kept  till  May  31  in  the  bs^et  in 
which  Uie  soundiug-liue  is  coiled.  On  being  transferred  to  sea-water  on 
that  date  it  was  found  to  be  alive.  It  was  a  very  old-looking  mussel,  and 
was  covered  with  barnacles.  Next  day  a  quantity  of  white  stuff  was 
seen  on  the  bottom  of  the  vessel  near  the  round  end  of  the  mussel 
(fig.  84).     This  was  found  to  cousist  of  eggs  and  some  stringy  tissue. 

Spawning  op  the  Mali. — On  June  30th  the  current  of  water  was 
stopped  in  a  box  in  which  there  were  some  mussels,  and  in  the 
afternoon  a  greyish  cloud  was  seen  towards  one  side  of  the  box  and 
extending  to  the  surface.  When  a  drop  of  the  water  was  examined  it 
wss  seen  to  be  crowded  with  sperms.  The  sperm  has  a  tapered  point 
and  a  very  long  tail  (fig.  24).  They  rush  about  in  circles  vrith  a 
quivering,  jerky,  side-to -side  motion. 

On  13th  June  Scott  observed  the  dischatge  of  the  sperm.  It  was  so 
abundant  that  the  water  in  the  tank  became  quite  turbid. 

Duration  op  Spawning. — Scott  maintains  that  practically  the  whole 
of  the  reproductive  elements  were  discharged  at  one  amission,  extending 
from  one  to  three  hours.  The  same  animal  did  not  again  set  firee  any 
more  reproductive  elements.  When  such  a  spent  mussel  was  opened  and 
examined  the  whole  reproductive  organ  was  found  to  have  eoUapsed. 

This  wss  not  my  experience  in  the  case  of  the  mussel  thst  was  tam^gfat 
from  Faroe.  It  first  extruded  eggs  on  1st  June,  and  it  spawned  ieyei'al 
lots  up  till  June  5th.  It  may  have,  however,  been  a  little  iiiuglfcii, 
since  the  mussel  had  been  kept  under  exceptional  conditions. 

According  to  Mr.  King,  the  musseln  at  Budle  Bay,  Northumberiand^ 
spawn  in  July,  August,  and  September.  In  warmer  seasons  they  spawn 
earlier,  and  viee-versa;  50^-60°  F.  is  a  fair  heat  in  summer  at  Budle 
Bay.  Lebour  states  that  "  Mr.  Mitchell  finds  that  there  srs  two  breeding 
sessons,  one  in  Spring  and  one  about  August."  Mr.  Mssson,  Findhom, 
who  attended  the  demonstrations  to  fishermen  at  the  Laboratory  in  I906i, 
informed  me  that  in  the  river  there  the  mussels  empty  [spawn]  during  a 
spate,  and  then  fill  up  again.  Red  mussels  (female)  were  more  common 
than  yellow  (male).  At  Montrose,  Fullarton  and  Scott  report  that 
'*  Mr.  Johnstone  was  of  the  opinion  that  the  mussel  spats  hi  Msy,  June, 
August,  and  the  beginning  of  September,  while  otheilB  haSi  that  the 
mussels  spat  all  through  the  year." 
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FsBTiLiZATiON. — M'Intosh  and  Wilson  believe  thai  the  fertilisation  of 
the  eggs  takes  place  outside  the  body  of  the  female. 

WilsoD  effected  artificial  fertiliEation  of  the  eggs  by  mincing  pieces  of 
the  ripe  ovary  and  testes  separately  in  water  and  then  by  mixing  the  two 
fluids. 

Scott  considers  that  fertilization  takes  place  within  the  f<*male.  He 
made  some  experiments  to  demonstrate  this.  At  Piel  the  first  eggs  that 
were  spawned  were  not  fertilized,  i^fter  the  first  discharge  of  sperms, 
however,  the  eggs  were  always  fertilized. 

Gamer  thooght  that  the  mosael  was  hermaphrodite  and  that  the  eggs 
were  already  fertilized  when  discharged. 

The  Mature  Egg. 

When  the  eggs  are  present  on  the  bottom  of  the  aquarium  iu  quantity, 
they  show  a  pink  colour.  In  the  case  of  the  Faroe  mussel  the  colour  of 
the  eggs  was  hid  by  some  colourless  tissue  that  was  extruded  with  them. 

Wilson^ describes  the  ripe  egg  thus : — "The  mature  egg  after  extrusion 
is  quite  spherical  and  vety  opaque,  on  accouut  of  the  large  development 
of  deutoplasmic  (vitelline)  granules.  The  vitellus  appears  greenish-brown 
by  transmitted  light.  The  egg  membrane  is  distinct.  The  nucleus  and 
nucleolus  are  not  visible  in  a  normal  mature  egg,  a  less  opaque  region 
marking  their  position.  The  hyaline  investment  noticeable  around  the 
iiitra-follicular  egg  forms  a  broad,  very  translucent  sheath  to  the  ripe 
extruded  eggs.  It  is  presumably  adherent  to  mature  eggs  naturally 
extruded — certainly  so  in  the  case  of  artificially-liberated  ones.  Many 
spermatozoa  wriggle  into  it  and  cause  the  egg  to  rotate.  No  raicropyle 
has  been  observed  in  it  If  the  vitelline  membrane  be  ruptured  the 
nucleus  escapes  as  a  spherical  body  bounded  by  a  definite  membrane  and 
enclosing  a  nucleolus." 

The  eggs  spawned  by  the  Faroe  mussel  showed  the  following  <^racters 
(fig  6).  They  were,  to  the  naked  eye,  greyish  in  colour  #ith  a  faint 
amber  tinge.  They  were  round  in  some  cases,  usually  oval,  measuring 
•07  by  06:  "07.     One  was  as  long  as  -Imm. 

The  yolk  is  seen  to  be  broken  up  into  several  large  corpuscles  or 
divisions,  and  at  the  periphery  there  are  minute  corpuscles  similar  to 
those  that  are  found  in  the  developing  egg. 

The  zona  is  wrinkled,  corrugated  on  the  outside,  and  raised  into  little 
papillas.  The  corrugations  seem  to  be  due  to  the  yolk  being  in  large 
corpuscles  which  boss  the  zona.  It  has  two  definite  layers,  and  in 
addition  some  eggs  show  what  looks  like  a  thin  membrane  on  the  yolk. 
The  latter  may  be  simply  the  sharp  outer  edge  of  the  protoplasm. 
There  are  little  protoplasmic  thread-like  projections  from  parte  of  the 
zona,  possibly  from  pores  (fig.  8).  In  one  case  a  pitted  condition  of 
the  zona  was  thought  to  be  made  out. 

A  faint  indication  of  the  nucleus  was  made  out  in  some,  and  surround- 
ing it  large  yolk  corpuscles  or  divisions  composed  of  the  minute  yolk 
corpuscles.  The  large  nucleus  seems  to  be  broken  up  more  or  lees  into 
large  round  bodies. 

On  pressing  the  egg  by  means  of  the  cover-glass,  the  contents  da  not 
flow  out  so  readily  as  in  ao  egg  dissected  out  of  the  mantle  in  a  ripening 
ovaiy.  In  the  latter  ease  nearly  every  egg  exhibits  the  loss  of  some  of 
its  yolk  contents. 

One  of  tile  mturallv  spawned  eggs,  when  pressed  lightly,  took  a  pear 
shape  with  a  conical  end.  This  seemed  to  be  at  the  micropyla, 
and  to  be  formed  by  the  forcing  of  the  egg  eontenta  to  project  through  it. 
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Bat  the  egg  contents,  being  now  more  coheaive,  withstood  the  pressure 
without  breaking  up. 

When  the  egg  was  crushed  the  yolk  corpuscles  poured  out  all  oscillat- 
ing, leaving  no  nucleus  to  be  seen  ;  there  were  some  groups  of  corpuscles 
a  little  larger  than  the  others.  The  zona  retained  its  shape  and 
appeared  quite  smooth  in  some,  although  in  others  it  was  still  tuberculated. 

When  the  egg  was  squeezed  sufficiently  to  cause  some  of  the  contents 
to  flow  out,  a  sort  of  perivitelline  space  began  to  appear,  formed  after  the 
escape  of  a  quantity  of  yolk  by  the  entrance  of  water.  In  the 
partially  emptied  egg  there  were  protoplasmic  threads  from  the  remaining 
portion  of  yolk  to  the  internal  surface  of  the  egg-shell,  and  the  zona  had 
lost  its  corrugations.  Wilson  gives  a  drawing  of  an  egg  that  had 
ap])arently  lost  some  of  its  contents;  in  it  little  protoplasmic  threads  con- 
necting the  inside  of  the  zona  to  the  segmented  mass  left  inside  are  indicated. 

The  clear  protoplasm  of  which  the  nucleus  in  the  ripening  egg  consists 
appears  now  in  the  ripe  egg  to  have  extended  through  the  yolk,  binding 
the  granular  matter  together,  and  apparently  making  a  clear,  sharp, 
external  layer  to  the  yolk-sphere. 

When  the  yolk  granules  issued  thiough  pressure,  they  sometimes  took 
up  some  of  the  clear  protoplasm,  and  they  are  seen  covered  with  a  clear 
layer — a  little  entity  consisting  of  one  or  many  yolk  corpuscles  covered 
with  a  clear  protoplasm  (fig.  41). 

Out  of  one  egg  there  was  pushed  a  clear  network-like  mass  (fig.  7), 
which  might  have  been  a  crumpled  membrane.  The  egg  from  which  it 
came  was  continually  changing  its  shape.  The  '*  network  "  was  seen  free 
in  another  case,  away  from  tie  egg. 

Sub-Dividing  op  the  Unfertilizso  Ego. — Some  of  the  eggs  were 
kept  overnight  in  a  dish.  By  next  day  some  of  the  eggs  had  given  off 
little  spherical  bodies  of  various  sizes.  They  were  formed  by  the  outflow 
of  the  egg  contents  through  the  micropyle. 

These  bodies  consist  of  a  larger  or  smaller  number  of  granular  yolk 
corpuscles  surrounded  bj  clear  protoplasm.  Sometimes  they  can  be  seen 
attached  to  the  egg  at  one  point  like  a  number  of  little  balloons  attached 
to  a  large  balloon.  They  may  vary  in  size  or  may  be  all  nearly 
equal  (fig.  16).  Changes  were  observed  to  take  place  in  these  bodies,  even 
while  the  egg  was  examined.  A  dark  globule  was  added  to  one  egg 
as  I  watched.  They  become  detached,  and  go  off  resembling  in  appearance 
a  little  egg.  Although  they  have  a  sharp  outline  they  have  no  cell  wall 
(fig.  41). 

During  the  night  the  eggs  had  been  actively  budding  off  these  little 
spheres,  so  that  next  day  it  was  hardly  possible  to  treat  any  of  the  eggs 
in  the  dish  as  normal  eggs; 

Some  of  the  eggs  showed  a  hyaline  investment,  which  appears  to  be 
formed  by  the  exudation  of  clear  protoplasm  from  the  egg.  An  egg 
had  a  crumpled  hyaline  investment,  which  looked  as  if  it  were  the  outer 
zona  layer  which  had  become  loosened. 

Artificial  Fertilization: — On  June  3  some  eggs  were  obtained  from 
the  mass  lying  near  the  mussel.  They  were  motionless  and  unsegmented. 
Some  of  them  showed  a  little  refractive  protoplasmic  process  on  the  oat- 
side  of  the  zona. 

A  piece  of  the  mantle  of  a  male  mussel  was  put  into  water.  The 
water  l^^^came  milky,  and  when  examined  was  found  to  be  alive  with 
active  sperms. 

Some  of  the  fluid  was  put,  by  means  of  a  pipette,  into  the  dish  contain- 
ing the  eggs.  It  was  possible  to  see  under  the  microscope  the  sperms 
whirling  about  among  die  eggs. 
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At  1  p.m.  one  of  the  eggs  showed  a  number  of  little  protoplasmic  pro- 
cesses sticking  out  at  right  angles  from  the  zona  (fig.  8).  They  seem  to 
be  detached  from  the  zona,  though  probably  connected  by  a  very  fine  pro 
toplasmic  thread,  which  was  invisible  under  Zeids  DD.  The  sperms 
kept  boring  away,  but  did  not  seem  able  to  get  closer  to  the  zona  than  s 
shown  in  fig.  8.  There  was  a  protoplasmic  boss  sticking  out  of  the 
micropyle.  This  was  generally  present,  and  usually  on  the  lower  side  of 
the  egg. 

One  egg  had  its  zona  covered  with  papillae.  Another  had  three  or 
four  sperms  stuck  with  their  pointed  ends  against  the  zona.  A  clear 
layer  outside  the  zona  was  made  out  in  one  egg;  it  seemed  to  me  merely 
an  exudation  of  protoplasm. 

The  inner  of  the  two  zona  layers  is  applied  close  to  the  yolk, 
as  is  shown  by  the  protoplasmic  bosp,  which  is  constricted  by  it 
(fig.  18).  A  narrow  clear  division  is  seen  between  the  two  layers  of 
the  zona. 

At  3  p.m.  segmentation  had  occurred  in  several  eggs.  In  one  egg  the 
division  into  two  was  proceeding  from  one  side  (fig.  10).  Another  egg  was 
segmented  into  a  macromere  and  a  micromere ;  the  protoplasmic  boss  was 
on  tho  macromere  (fig.  21).  Sometimes  it  stands  right  across  the 
dividing  line.  Figs.  10,  11,  13,  20,  21,  22,  28,  and  29  represent 
conditions  found  at  3  p.m.  Most  of  the  eggs  were  in  the  two-celled 
stage  (fig.  13). 

Some  eggs  had  taken  a  kidney-shape,  having  a  hilum  deeply  inserted 
(fig.  20).  The  niche  was  filled  up  partly  with  translucent  material.  The 
zona  seems  to  thin  away  over  the  notch  sometimes.  The  division  (if  the 
egg  takes  place  within  the  zona,  and  is  not  apparently  taken  part 
in  by  the  zona. 

In  the  two-celled  stage,  one  egg  after  being  quashed  retained  its 
previous  two-celled  shape  (fig.  38).  A  nucleus  was  seen  in  it ;  it  simply 
showed  a  little  sphere  with  yolk  granules  attached.  Round  the  inside  of 
the  investment  there  was  a  number  of  small  clear  corpuscles  larger  than 
yolk  granules.     The  yolk  granules  when  poured  out  oscillated. 

In  one  case  of  crushing  the  egg  I  saw  some  clear  protoplasm  of  yolk 
granules  after  they  issued  form  into  a  sphere  exactly  resembling  a 
nucleus.  The  yolk  corpuscles  caused  the  "nucleus"  to  quiver.  Then  the 
excess  of  yolk  granules  moved  away  from  it. 

The  nucleus  seems  to  mean  simply  a  collection  of  clear  protoplasm  in  the 
centre  of  the  cell.  It  may,  on  the  egg  being  crushed,  break  up,  or  it  may 
retain  its  shape  after  the  yolk  granules  have  poured  out.  In  the 
developing  egg  the  nucleus  is  not  intimately  bound  to  the  yolk  granules; 
in  the  ripe  egg  it  is  distributed  through  the  egg  mass. 

In  a  three-celled  stage  a  little  clearer  area  in  the  centre  indicated  the 
presence  of  a  nucleus  in  each  cell  (fig.  1 7).  When  the  eggs  were  crushed 
the  nuclei  were  seen  to  be  similar  to  the  nucleus  of  the  ripening  egg — a 
clear  vesicle-like  body  showing  no  structure  under  Zeiss  D.D.  and 
oc.  2  (fig.  14).  The  nuclei  were  visible  externally  first  in  the  three-ceUed 
stage. 

Division  into  four  cells  was  noticed  (fig.  30). 

At  7  p.m.  development  had  not  proceeded  further  than  at  3  p.m. 
Fig.  25  represents  one  of  the  eggs  at  that  time. 

By  the  next  forenoon,  the  eggs  in  the  dish  had  not  advanced;  they  ap- 
peared to  be  dead.  A  number  of  them  had  a  gelatinous  network  round 
them.  One  egg  which  showed  a  gelatinous  outer  network  measured 
'06mm.  in  diameter ;  it  is  snudl,  and  may  have  lost  some  of  its  contents. 

On  June  5  a  new  lot  of  eggs  had  been  spawned 
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Infusors  and  DiOATiNG  Eggs. — On  June  10  a  big  heap  of  ef^gf^ 
remained  near  the  mussel.  A  sample  was  examined.  They  were  dis- 
organised. There  was  a  great  quantity  of  very  small  and  also  big  inf  naora 
among  them,  and  the  smallest  iufusor  was  not  too  big  to  get  into  the  egg 
by  the  micropyle.     They  did  not  appear  to  be  able  to  get  into  the  egg. 

Next  day  the  infnsors  were  quiet,  apparently  encrysted.  On  June  13, 
in  the  same  dish,  the  infusors  were  big  and  again  active.  The  eggs  have 
almost  altogether  disappeared.  I  noticed  infusors  darting  into  the  egg- 
shells, going  round  inside  and  then  out  again.  In  one  egg-shell  two 
infusors  were  lying  still. 

On  June  15  the  muMel  was  dead. 

Dbvblopmbnt. — According  to  Wilson — "In  20  hours  or  a  shorter 
time  after  fertilization,  the  ciliated  embryo  rise,  it  may  be  to  the  very 
surface,  in  warm,  calm,  water.  They  are  moved  hither  and  thither  by  the 
currents  and  by  their  own  locomotor  apparatus,  the  cilia,  and  latterly 
the  velum." 

Scott  observed  that  the  embryos  rose  "from  the  bottom  at  the  end  of  12 
hours.     They  remain  free-swimming  for  at  least  four  days." 

Some  spawn  that  was  observed  on  June  30  at  the  Bay  of  Nigg  was 
examined.  The  eggs  were  in  various  stages  of  segmentation  up  to  the 
ciliated  larva.  The  motion  in  the  eggs  and  larvse  was  very  slight,  and 
it  is  questionable  if  it  would  have  been  sufficient  to  raise  them  off  the 
bottom.     Some  of  the  eggs  remained  on  the  bottom  next  day. 

When  12  days  old,  the  larval  musseb  are,  Wilson  says,  almost  semi- 
circular, the  hinge-line  being  straight.  In  later  forms,  the  prismatic  shell- 
substance  begins  to  be  deposited  round  the  margins  of  the  valves.  The 
growth  takes  place  most  rapidly  antero-posteriorly,  the  mussel  thus  as- 
suming the  elongated  characteristic  form  of  the  adult.  With  the  advent 
of  the  prismatic  shell,  the  velum  is  atrophied  and  the  mussel  sinks  to  the 
bottom  or  lights  on  seaweeds,  zoophytes,  etc.  The  foot,  at  first  vermiform 
and  highly  extensile,  is  used  for  progression ;  at  the  proximal  region  of  the 
foot  the  byssus-glanid  secretes  the  byssus  wherewith  the  mussel  may  be 
anchored. 

In  July  and  August,  M'Intosh  observed  that  the  surface  of  St 
Andrews  Bay  swarmed  with  minute  musasls  of  a  somewhat  circular  outline 
and  showing  four  branchial  processes  behind  the  foot.  Hie  young  mus- 
sels, according  to  the  same  author,  are  found  settled  on  zoophytes  in 
July.  At  Kiel,  Mobius  states  that  the  young  musseb  attach  themselves 
in  the  latter  half  of  June. 

The  Spawning  of  Modiolus. 

FsMALB — February  27, 1907. — The  eggs  in  a  Modiolus  examined  were 
nearly  ripe,  and  they  formed  a  brick-red  dust  to  the  naked  eye.  The 
most  of  them  showed  a  germinal  vesicle  in  the  middle  of  the  opaque-red 
yolk.  Lots  of  the  eggs  are  pitcher  or  pear-shaped.  They  measure  *lmm. 
in  diameter.     Some  were  ruptured. 

Male — June  9. — Two  Modiolus  that  were  kept  in  a  tank  measuring 
5  feet  by  4  feet  by  2  feet  deep,  were  seen  to  be  spawning.  A  grey  cloud 
was  seen  to  spread  from  them  over  the  bottom  of  the  tank  and  ascend  in 
a  wide  spiral  up  to  the  surface  (fig.  98).  The  motion  was  due  to  the 
current  of  water  in  the  tank.  The  cloud  of  sperms  formed  a  thick 
layer  on  the  surface  of  the  water.  A  drop  of  water  that  was  just 
covered  by  a  cover-glass  |-in.  in  diameter  contained  1 1  spermatosoa.  The 
sperm  resembled  much  that  of  MyUlue  echdis.  Bound  the  head  there 
appeared  a  lighter  ring — a  sort  of  halo.    After  some  time  the  whole  of  the 
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tenk  was  tinted  with  the  colour.  It  was  first  noticed  at  11  a.m. 
At  8  p.m.  it  was  still  to  be  seeoi  but  more  generally  distributed.  A  cur- 
rent of  water  had  been  steadily  flowing  into  and  out  of  the  tank. 

Spatting. — Seveiml  specimens  of  modiolos,  obtained  in  February  1907, 
were  kept  alive  in  aquaria  at  the  Labotatory.  The  water  flowing  out  of 
these  passed  into  the  big  pund.  On  July  17  some  twigs  which  had  been 
put  into  the  pond  on  Apnl  25,  1907,  for  the  purpose  of  collecting  spat 
were  found  to  have  young  modiolus  attached.  Some  were  also  attached  to 
the  cord  by  which  the  twigs  were  anchored.  The  following  are  the 
sizes  of  Uie  young:-^  L  i.  A,  X,  A,  |,  I  4,  ^,  ^,  ^,  ^,  ^,  A, 

A.  A»  At  At  A»  A»  1*  l»  li  I  A^  '^^7  ^"i  »^  »o»<^  fi^®  iiKHitBs 
of  age.    They  were  regularly  scattered  over  the  branches  of  the  twig, 

and  had  attached  themselves,  no  doubt,  just  at  the  end  of  the  pelagic 

stage.    They  had  not  been  attached  three  montha.    If  the  pelagic  stage 

does  not  last  more  than  a  month,  these  horee-musseb  must  have  be^ 

under  four  months  of  age. 

The  possibility  of  their  having  entered  the  pond  by  the  inlet  from  the 
sea  may  be  neglected,  since,  so  ^  as  I  am  aware^  modiolus  has  not  been 
found  near  tbe  Bay  of  Nigg. 

The  young  modiolus  were  put  into  a  box,  which  was  covered  with  a 
lid  to  exclude  the  light ;  some  were  still  attadied  to  the  twigs,  others 
were  free  on  the  bottom  of  the  box.  On  September  2nd  some  of  the 
latter  had  climbed  up  the  side  of  tbe  box  to  the  surface  of  the  water ; 
others  remained  attached  to  the  twigs  or  on  the  bottom. 

The  Growth  op  the  Mussel  (Mytilus  edtdiei). 

Observations  bearing  on  the  growth  of  this  shell-fish  and  its  behaviour 
under  certain  conditions  have  been  made  on  mussels  of  different  sizes  that 
have  been  kept  in  the  Laboratory  for  from  one  to  two  yeara 

One  lot  of  musseb  had  been  taken  off  the  rocks  at  St.  Andrews. 
They  measured  about  1  to  1||  inch  in  length.  Obtained  in  July,  1904, 
they  were  kept  in  aquaria  with  a  constant  run  of  water  till  April  6, 
1905,  when  they  were  examined.  They  appeared  then  to  be  in  good 
condition,  though  not  very  fat. 

On  July  4,  1905,  some  mussels  taken  off  the  rocks  were  measured,  and 
three  lots  were  separated. 


In  A  they  all  measured  ^f^  inch  in  length 

i»    -^^     »i  >»  *      »»  II 

II   0     „  .,   about  Ij     „  „ 


They  were  put  into  vessels  supjilied  with  a  steady  ran  of  sea  water. 
Mud  gradually  accumulated  on  the  bottoms  of  the  aquaria  until  a  fairly 
thick  layer  was  formed.     Now  and  then  this  deposit  was  removed. 

A. — On  March  8,  1906,  the  mussels  of  lot  A  were  measured  ;  their 
lengths  were  found  to  be  ^,  ^^^  |,  and  9  were  slightly  over  A  ^^^^ 
long. 

When  examined  ou  August  5,  1906,  the  mussels  were  found  to  be  all 
of  a  peculiar  shape,  roughly  barrel-shaped.  They  were  broad  laterally, 
convexly  curved  above,  concave  below.     Their  sizes  were — |,  i^^,  y^,  |, 

On  Feby.  25,  1907,  the  measurements  were— ^^j,  ^^,  j,  ^,  ^,  ^,  ^^, 
A»  i*  A'  '^^^  largest  was  attached  to  the  side  of  the  aquarium  a  little 
above  the  bottom ;  the  others  were  in  the  mud. 
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On  March  22,  1907,  the  muBsels  were  put  on  a  floating  tray,  the 
bottom  of  which  was  made  of  wire  gauze.  They  were  about  1  inch  below 
the  surface. 

On  May  28,  1907,  two  were  dead  ;  they  measured  ^  and  ^  iuch ; 
they  were  apparently  choked  with  algoid  growth. 

The  remainder  were  measured  and  opened  on  June  11,  1907.  They 
measured  f,  |,  -^,  -j^,  j,  ^^^  inch.  The  largest  was  a  male,  and  the 
reproductive  organs  appeared  to  be  ripening. 

In  about  two  years'  time,  then,  the  greatest  growth  of  the  lot  had  been 
an  addition  of  f  inch  to  the  original  size  of  ^g  inch,  while  the  least 
increase  had  been  only  -^  inch. 

B. — ^They  measured  on  July  4,  1905,  1  inch  in  length. 

August  5,  1906.— The  mussels  were  examined  and  the  following  were 
the  respective  lengths  :—l-r^e,  H,  1  ^g,  ly'^,  1A»  U»  H^  U.  U»  M»  We» 
1^0  inch.  A  dead  shell  measured  1  inch.  Some  of  them  were  buried  in 
the  mud  at  the  bottom.  Others  were  up  on  the  sides  of  the  box.  It  was 
possible  to  detect  the  increase  in  the  shell  in  two  of  them ;  it  was  in  part 
of  a  yellow  colour. 

On  Feby.  25, 1907,  the  measurements  were — l^^  1^^,  1^^,  1|,  1|,  1^, 
H»    lA,  lA,  lA,  1|.  Ifii^ch. 

On  March  23,  1907,  the  mussels  were  divided  into  two  lots :  6  were 
put  on  a  floating  tray  in  which  they  were  covered  by  about  1  inch  of 
water ;  6  were  left  among  the  mud  on  the  bottom  of  the  aquariam  in 
which  the  tray  floated.  There  was  a  depth  of  7  inches  of  water  in  the 
aquarium. 

April  13,  1907. — The  mussels  on  the  tray  had  anchored  themselves. 
One  had  cast  off  its  byssus  and  had  moved  away  a  bit.  Those  on  Uie 
bottom  are  beginning  to  move  about  through  the  mud  which  is  fairly 
deep. 

June  1 1, 1907. — Those  on  the  tray  were — l^,  cJ,  ripe ;  1|,  $,  ripe ;  1^  J, 
ripe;  1|,  $,  ripe;  1^,  $,  ripe;  If,  $,  ripe.  The  mussels  in  the  mud 
measured— 1  J,  $,  ripe  ;  1  A,  cJ,  ripe ;  1|,  2,  ripe  ;  l-f^,  $,  ripe  ;  lyV  d^  ripe  ; 
If,  cJ,  ripe. 

In  two  years  the  largest  survivor  had  only  added  f  inch  to  its  length, 
while  one  had  only  grown  ^  inch.     They  were,  however,  ripe. 

C. — They  were  originally  H  inch  long,  July  4,  1905. 

On  March  8,  1906,  they  were  measured,  and  the  following  sizes  were 
obtained  :-H,  H,  H,  H,  H,  1^.  lyV 

On  August  5,  1906,  they  measured  IJ,  Ij^,  lyV,  1^,  lyf.  IH.  Ht- 
They  all  show  evidence  on  their  shells  of  having  grown. 

On  September  9,  1906,  one  taken  out  dead  measured  1^  inch. 
The  mussels  seem  to  mass  themselves  at  the  bottom  of  the  aquarium, 
on  the  side  next  the  window ;  this  appears  to  be  the  darkest  corner  in 
the  glass  vessel. 

On  Feby.  25,  1907,  they  measured  1^^,  If,  If,  If,  1|,  l{f  iuch. 

They  were,  on  March  22,  1907,  put  into  a  tray  which  had  a  bottom 
made  of  wire  netting ;  it  floated  in  a  tank.  The  mussels  were  submerged 
about  3  to  4  inches. 

On  June  11,  1907,  on  examination  the  following  particulars  were 
found  :— lA,  6,  ripe  ;  1^^,  cJ,  nearly  ripe;  If,  cJ,  ripe  ;  If,  $,ripe  ;  1}^, 
$,  ripe  ;  1|  inch,  c^,  ripe.     They  were  all  well-conditioned. 

The  maximum  growth  in  two  years  had  been  only  j-  inch,  while  the 
least    rowth  had  been  only  ^  inch. 
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D. — Some  old  mussels  which  had  been  living  in  an  exposed  situation 
were  obtained  from  St.  Andrews  on  April  4,  1905,  The  shells  were 
thick,  rough,  dirty-coloured,  and  of  a  slatish  hue.  Some  that  were 
opened  were  found  to  contain  poorly-conditioned  animals.  According  to 
Fullarton,  Quch  mussels  are  called  ''Crocks''  at  Montrose;  Scott  and 
Baxter  say  that  they  are  in  Lancashire  known  as  ''  Blue-nebs.''  Several 
of  these,  measuring  2|  inches  long,  were  separated ;  they  were  kept 
in  an  aquarium  or  box  with  a  current  of  water  steadily  flowing 
through  it. 

On  April  6,  one  spawned  ;  a  small  pinkish  mass  was  seen  lying  near  it 
on  the  bottom  of  the  box.  The  eggs  lay  there  till  April  12.  They  were 
then  examined  and  found  to  be  decomposing ;  they  were  evidently  not 
fertilized. 

March  8,  1906. — One  of  the  mussels  was  dead. 

Mat,  1906. — Another  that  was  dead  was  measured  and  found  to  be 
2^  inches  in  length. 

August  5,  1906. — Two  more  dead  shells  measured  each  2j  inches  in 
length.     Two  remain  alive  ;  they  measure  2^  and  2^^  inches. 

Septbmueb  6,  1906. — One  of  the  mussels  has  moved  about  on  the 
bottom  of  the  box  and  left  a  track  of  byssi  (see  pp.  242  and  348). 

February  26,  1907. — The  mussels  measure  2^  and  2^  inches. 

March  22,  1907. — The  mussels  were  put  on  to  a  floating  tray,  in 
w)iii:h  they  were  submerged  about  1  inch. 

April  13,  1907. — ^The  mussels  have  made  quite  a  heap  of  muddy 
excreta  below  them  on  the  bottom  of  the  box.  One  had  its  round  end 
sticking  up  out  of  the  water,  and  it  remained  thus  for  eight  days,  when  it 
sank  again. 

June  11, 1907. — ^They  measured  (1)  2^  inches,  a  male;  it  had  a  thin 
mantle,  and  was  getting  ripe ;  (2)  2f  inches,  rather  thin  mantle,  was 
getting  ripe. 

In  two  years  one  has  grown  ^  inch  ;  the  other  has  not  increased  in 
size. 

Taken  all  over,  the  flesh  of  these  mussels  (A,  B,  C,  and  D)  was  in 
average  condition  of  fatness.  Their  shelly  however,  are  characteristically 
shaped.  They  are  rounder,  of  greater  thickness  from  side  to  side,  but 
not  so  high  as  more  rapidly  growing  mussels.  In  figs.  26  and  27  are 
shown  two  views  of  one  of  these  mussels,  and  in  figs.  31  and  32  two 
views  of  one  of  the  mussels  of  the  same  length,  but  which  had  grown 
on  a  screen  in  the  large  pond. 

Cofulitioju  Favourable  and  Unfavourable  to  Orowth. 

The  rate  of  growth  of  the  mussel  depends  on  a  number  of  factors 
which  may  be  briefly  summarised  as — (1)  the  quantity  of  food,  (2) 
salinity  of  the  water,  (3)  presence  and  quantity  of  mud,  sand,  and  fila- 
mentous alg»,  (4).length  of  exposure  to  the  air  during  each  tide. 

Spattinq. — As  a  rule  mussels  spat  readily,  and  in  large  quantity; 
the  scarcity  of  mussels  in  a  locality  is  not  usually  due  to  a  deficiency 
of  young.  The  young  may  not  have  a  suitable  area  upon  which  to  settle ; 
they  may  settle  too  high  up,  and  in  consequence  be  uncovered  for  too 
long  a  period  each  tide.  They  may  settle  on  a  high  scaup  and  swamp 
it,  and  the  increased  competition  for  food  that  results  will  militate 
against  the  growth  of  the  individuals. 

In  July  and  August  the  surface  of  St.  Andrews  Bay,  according  to 
M'Intosh,  swarmed  with  minute  mussels  of  a  somewhat  circular 
outline.    The  same  author  states  that  they  appear  in  the  zoophytes  in 
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July,  like  gnuns  of  millet  seed,  meesaring  from  -^  to  ^  inch  in  length. 
Young  muMele  have  been  noticed  on  the  lopes  o^  the  salmon  nets  abont 
the  middle  of  June. 

The  young  mussels  seem  to  settle  high  np  in  greater  profusion  than 
in  the  deep.  On  a  wharf  the  npper  limit  of  the  mussels  was  between 
tide-marks,  but  several  feet  below  high-water  mark.  Barnacles  (BcUitnuM) 
settle  high  up.  A  curious  circumstance  was  noted  with  respect  to 
the  attachment  of  barnacles  {Bizlanus)  in  a  slate  tank.  The  inflowing 
water  was  taken  down  to  the  bottom  of  the  tank  by  means  of  a  rubber 
pipe.  The  water  leaving  the  mouth  of  this  pipe  impinged  at  once  on 
one  of  the  sides,  and  here  an  area  of  about  6  by  2  inehes  was  covered  hj 
barnacles,  but  nowhere  else  on  the  tank,  which  was  5ft.  by  2ft.  6in8. 
broad,  was  any  barnacles  attached.  It  would  seem  as  if  the  impinging 
against  the  hard  surface  helped  the  barnacle  to  become  attached. 

Wilson  found  on  the  ropes  of  the  salmon  nets  mussels  measuring 
from  ^^  to  ^j[  inch  in  length.  The  largest  were  got  near  the  surfece, 
and  the  smallest  near  the  bottom.  They  were  at  most  five  months  old. 
M'Intosh  observed  mussels  up  to  J  inch  in  length  on  the  buoys  of  the 
salmon  nets ;  the  buoys  are  in  the  water  from  February  to  the  end  of 
August. 

At  Montrose,  Fullarton  and  Scott  say  that  the  bulk  of  the  apat  ia 
carried  out  to  sea  by  the  quickly-running  tide.  Dredging  the  navigable 
channel  destroyed  seed  and  prevented  it  settling. 

In  the  experiment  of  laying  down  mussels  m  Coquet,  Meek  found 
that  the  mussels  grew  there  to  a  good  bait  size  and  were  well  filled. 
The  unfavourable  circumstances  in  that  locality  were  (1)  the  mud  which 
comes  down  the  river  during  a  fresh  flow,  and  (2)  the  dredging  of  the 
harbour,  which  would  interfere  with  the  lodgment  of  spat.  M'Intoeb, 
however,  observed  in  the  Tees  "  that  immediately  (100  yards)  behind  the 
dredger,  and  directly  in  its  track,  young  mussels  from  ^  inch  to  \  inch 
long,  with  dull  yeUowish  or  pale  olive  valves,  occurred  on  11th  June. 
These  small  examples  attach  themselves  to  fragments  of  stone  broken  bj 
the  dredger,  or  to  stratified  clay,*  so  that  the  fresh  surface  left  after  the 
operations  of  the  steam  dredger  is  soon  covered  with  mussels." 

Ths  Mubsbl  Bed.— According  to  Calderwood — "The  mussel  will 
grow  on  almost  any  natural  sea  or  estuarine  bottom,  lut  the  rich  flats 
where  sand  and  gravel  are  covered  by  mud  charged  with  diatoms,  infuso- 
ria, spores  of  algsB,  and  other  vegetable  matter  rear,  large  fat  mussels  most 
quickly.  .  .  .  Mussels  grow  well  in  some  places  where  they  are 
covered  at  low  water  by  10  to  15  feet  of  water,  and  in  the  beds  of  estuaries 
where  they  are  never  uncovered.  .  .  .  The  favourite  position  of  the 
mussel  may  be  said  to  be  between  the  low-levels  of  spring  and  neap  tides. 
.  .  .  In  Holland  the  Qovemment  beds  are  usually  laid  down  where 
the  water  has  a  depth  of  from  7  to  15  feet  at  low  tide.  The  mussels  grow 
commonly  to  a  length  of  2  or  2\  inches.  They  are,  therefore,  of  excellent 
quality.  .  .  .  Beds  should  be  protected  as  far  as  possible  from  the 
deposition  of  silt.  This  evil,  if  present,  can  only  be  remedied  by  trans- 
planting the  mussels  from  the  high  bed,  and  causing  the  available 
currents  to  scour  and  wash  down  the  deposit." 

The  Budle  Bay  mussel  is,  Mr.  King  states,  much  broader  than  the 
Boston  mussel,  which  is  inclined  to  be  round  and  plump. 

According  to  Lebour,  '^  the  mud  and  sand  brought  down  by  floods  and 
currents  during  storms  are  hurtful,  as  they  frequently  choke  up  and  kill 
large  imtches  of  musj<els."  In  the  river  BIyth  many  of  the  mussels  are 
*'  burrowing  in  the  mud  generally  so  deep  that  only  the  smallest  part  of 
posterior  end  of  the  shell  is  visible."    In  the  river  Aln  ''  many  of  the 
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mussels  are  very  small  and  thin,  too  small  and  thin  to  be  of  any  yalue 
for  bait.  Although  all  the  specimens  examined  in  October  and 
November  were  quite  thin,  in  the  Spring  the  reproductive  lobes  were 
spreading  into  the  mantle  to  a  small  extent,  so  that  they  probably  still 
shed  some  spat." 

I  received  some  information  from  the  Elginshire  deputation  of  fisher- 
men regarding  the  mussels  near  Dingwall  and  at  Findhorn.  At  the 
former  locality  mussels  about  two  inches  in  length  were  to  be  obtained 
in  September,  but  by  next  Spring  nothing  remained  of  them  but  empty 
shells.     The  fishermen  said  that  they  filled  up  with  sand. 

In  the  Findhorn,  according  to  Mr.  Masson,  mussels  taken  out  of  the 
deep  in  September  and  put  into  shallow  water  open  up  to  the  warm  sun 
and  die  Calderwood  mentions  that  "  seed  taken  from  deep-water  beds 
will  not  admit  of  being  carried  so  well  as  seed  which  is  inured  to 
exposure  from  being  left  bare  by  the  tide." 

Gregg  Wilson,  in  his  repoit  on  the  mussel  beds  of  Northumberland, 
recommended  that,  *'  where  there  are  not  at  present  mussels,  but  where 
there  is  shelter  from  storms,  freedom  from  shifting  sand  and  mud,  a 
fairly  hard  bottom,  and  a  good  cunent  of  water,  musseb  might  be  laid 
down  by  way  of  experiment." 

Mr  Wm.  M'Bride,  jnr.,  Pirnmill,  Arran,  who  was  one  of  the  deputation 
of  Buteshire  finhermen  attending  the  demonstrations  in  1906,  informed 
me  that  the  mussels  on  the  wharves  grew  the  fastest  in  that  locality. 
According  to  M'Intosh,  "  the  fishermen  regard  the  mussels  got  on  the  piles 
of  the  bridge  the  finest  exam  plea     (River  Esk,  England.)" 

At  Kiel  the  mussels,  according  to  Mobius  u.  Meyer,  are  cultivated  on 
branches  of  trees  that  are  stuck  into  the  bottom  below  low-water  mark. 

The  salinity  of  the  water  exerts  an  iufiuence  on  the  size  of  the  mussels. 
Brandt  says  in  this  connection  that  in  Kielbight  the  mussel  grows  to  a 
size  of  110mm.  (4^  incheti),  but  in  the  Gulf  of  Bothnia,  where  the 
salinity  of  the  water  is  less,  the  mussel  only  reaches  a  size  of  about 
one  inch.  Moreover,  the  shell  of  the  Baltic  mussel  is  chiiiner  and 
lighter  than  the  North  Sea  mussel,  notwithstanding  the  fact  that  the 
water  of  the  l^ltic  has  the  larger  proportion  of  lime  in  it.  In  the 
Kaiser  Wilhelm  Canal  Brandt  found  that  the  salinity  of  the  water 
decreased  as  one  proceeded  along  it,  from  east  to  west.  Ripe  mussels 
were  found  of  a  smaller  size  in  the  fresher  parts,  viz.,  at  17-22mm.  in 
length  (|-J-inch),  than  in  the  Salter  portion  of  the  canal,  where  the 
smallest  were  from  35  to  40mm.  (1  ^-If-inch)  in  length. 

Thk  Aob  cf  thb  Mussel. — **  A  size  suitable  for  bait,  viz.,  2  inches 
in  length,  would  be  about  two  years  old  in  a  favourable  locality.  In  less 
favourable  localities,  where  the  mussels  are  left  long  dry,  the  time  taken 
to  reach  the  size  indicated  appears  to  vary  from  4  to  8  or  10  years" 
(Calderwood). 

In  the  Wash,  according  to  Donnison,  "  a  2  years  old  mussel  on  a  high 
scalp  is  probably  not  1^  inches  in  length,  but  on  low  ground  the  length 
is  probably  3  inches." 

Two  lots  of  mussels  were  obtained  from  St.  Andrews.  The  first  lot, 
which  was  estimated  to  be  co  nposed  of  two-years-old  mussels,  measured 
from  If  to  2  inches,  shown  in  natural  size  in  figs.  1  and  2.  The  other 
lot,  consisting  of  three-y ears-old  mussels,  varied  in  length  from  2  to 
21^  inches  (figs.  4  and  5). 

In  Northumberland  Lebour  states  that  a  mussel  2  inches  long  and 
about  ^-inch  in  thickness  is  considered  a  fair  bait.  '*  The  mussels/'  at 
Budle  Bay,  <*  are  from  a  year  and  a  half  to  two  years  old  when  they  are 
lifted  and  planted  in  the  stream  channels,  where  they  are  covered  for  six 
or  seven  hours  each  tide,  or  even  not  uncovered  at  all,  as  these  last  are 
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perhaps  the  best.  They  reach  bait  size  quickly,  and  are  ednerally 
allowed  to  fatten  for  a  year,  so  that  at  four  years  they  are  ready  to  be 
sold  for  bait  or  food,  but  are  often  kept  until  they  are  5  or  6  years  old." 
The  Budle  Bay  mussel  is  an  excellent  bait  at  3  years  of  age  (King). 

Transplanting. — In  the  Eden,  Wilson  says,  the  scaups  are  mostly 
found  OQ  muddy  flats,  uncovered  at  low  water.  They  are  cropped  in 
rotation.  The  ''seed''  consisting  of  young  mussels  from  |-inch  to  one 
inch  or  thereabouts  in  length,  are  dredged  from  parts  where  they  have 
been  deposited  naturally.  These  have  in  many  cases  previously  carried 
a  crop  of  mussels.  The  seed  may,  however,  grow  on  places  unadapted 
for  rearing  saleable  mussels.  The  rate  of  growth  is  very  rapid,  an  inch 
to  an  inch  and  a  half  in  a  year  being  no  uncommon  addition  to  the 
length.  It  seems  to  be  the  case  that  the  longer  the  mussels  are  dry 
between  tides  the  slower  is  their  growth.  The  quickest  growth  is  made 
by  those  lying  in  the  bed  of  the  stream,  where  they  are  never  uncovered  ; 
the  higher  the  scaup  the  less  chance  oif  success.  Some  hurdles  erected 
for  Professor  M'lutosh  in  the  Eden  became  densely  covered  with  young 
mussels.  Mussels  are  commonly  dredged  in  the  Eden  4|  inches  in 
length. 

According  to  Fullarton  and  Scott,  "  the  bed  of  the  river  is  a  fruitful 
source  of  seed  at  Montrose.  Sometimes  seed  has  been  obtained  by 
taking  quantities  off  the  foreshore  rocks.  When  the  seed  attains  a 
suitable  size,  ij-|-inch,  about  the  size  of  an  ordinary  bean,  it  is  dragged 
from  its  bed  by  means  of  rakes  into  the  cobles.  If  the  mussels  are  left 
long  on  a  high  bank  they  beeome  stunted  in  appearance,  and  additions 
take  place  to  the  shell  in  thickness  rather  than  in  length,  the  consequence 
being  that  the  mussel  assumes  an  inelegant  shape  and  a  blunted  aspect 
at  the  posterior  end,  and  instead  of  a  brownish-black  layer  of  periostra- 
cum  on  the  outside  of  the  shell,  a  greyish  coating  there  indicates  the 
dwarfing  of  the  mussel.  These  mussels  are  locally  known  as  'crocks.' 
When  they  are  transferred  to  lower  banks,  and  banks  more  within  reach 
of  the  tide,  they  soon  begin  to  grow,  and  the  capacity  of  the  contained 
space  becomes  enlarged.  It  is  found  that  the  time  required  for  the  seed 
to  mature  and  reach  the  bait  size  varies  from  three  to  eight  years.  On 
one  of  the  best  banks  it  may  grow  to  two  inches  or  larger  in  three  years 
or  so,  but  on  most  of  the  banks  a  much  larger  time  is  required.  Severe 
winters  retard  the  growth  of  the  mussel." 

On  Budle  Bay,  Northumberland,  King  had  some  of  the  dwarf  mussels 
found  on  the  rocks  near  the  shore  transplanted ;  they  were  all  failures. 
He  says  that  a  mussel  requires  a  twelve  months'  growth  before  it  will 
stand  transplanting. 

Meek  writes  that  at  Montrose  seed  mussels,  2  to  3  years  old,  are  lifted 
from  the  channel  and  deposited  on  the  bank,  where  they  remain  from  2 
to  5  years  more  before  they  attain  a  saleable  size.  *'  In  the  Eden  the 
seed  is  taken  from  the  higher  and  shoreward  parts  of  the  banks  at  2  to  3 
years  old,  and  removed  to  suitable  places  near  the  channel,  where  it 
requires  2^  to  3  years  before  it  reaches  bait  size." 

Scott  and  Baxter  describe  transplanting  operations  which  they  carried 
out  at  Morecambe.  The  mussels,  which  were  small  through  overcrowding, 
were  removed  to  lower  ground  where  they  were  practically  always  under 
water,  being  only  exposed  for  a  short  time  at  very  low  ebbs.  "  Many  of 
these  mussels  were  what  are  locally  known  as  *  blue-nebs* — very  old 
mussels  with  thick  shells  of  a  dead-blue  colour,  much  corroded,  especially 
in  the  hinge  region,  and  having  no  epidermis  on  them.  When  the  shell 
is  opened  the  animal  is  usually  found  to  be  thin  and  watery.  These 
mussels  are  commonly  met  with  on  the  sea-shore.  They  are  exposed  to 
the  air  for  a  long  time  between  each  period  of  high-water  and  are  beyond 
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the  reach  of  a  continuous  supply  of  food.  They  may  justly  he  regarded 
as  mussels  that  have  ceased  growing  and  are  only  existing."  At  the  end 
of  fiye  months  they  had  grown  |-inch,  and  instead  of  being  thin  and 
watery,  they  were  in  fine  condition.  Six  months  after  transplanting 
some  mussels  that  originally  measured  l^inch  were  found  to  have  added 
I -inch  to  their  length,  while  the  mussels  that  had  been  left  in  the 
original  bed  had  increased  ^-inch  in  the  same  period.  The  authors  drew 
attention  to  the  fact  that  it  is  comparatively  easy  to  detect  a  mussel  that 
has  been  transplanted.  The  new  part  of  the  shell  is  black  and  clean, 
in  contradistinction  to  the  slatey -coloured  originally  stunted  shell. 
Vide  fig.  105,  which  is  a  drawing  of  a  transplanted  mussel  from 
St.  Andrews,  natural  size.  A-B  represents  the  original  seed;  B-C 
increase  in  the  shell  after  transplanting. 

The  mussel  that  grows  to  a  full  size  in  the  deep  without  transplanting 
has  a  uniform  shell,  darker  and  cleaner.  The  barnacles  (Balawus)  do  not 
settle  on  mussels  in  the  deep  to  any  considerable  extent. 

The  Mussbls  in  the  Laboratory  and  Pond. — None  of  the  mussels 
in  the  Laboratory  grow  to  any  extent.  They  were  supplied  through  the 
upper  reservoir  from  the  inlet  pipe  of  the  big  pond.  In  the  pond  a  large 
quantity  of  mixed  mussels  were  got.  They  were  attached  in  a  broad 
row  on  the  side  of  the  pond  about  a  foot  from  the  bottom,  and  three  feet 
below  the  surface  of  the  water  at  one  part,  and  six  feet  below  it  at  another. 

They  were  most  thickly  packed  near  the  inlet  of  the  pond,  and  extended 
along  one  side,  across  the  end,  becoming  gradually  fewer.  Practically 
none  were  found  on  the  third  side.  It  is  remarkable  that  they  were  not 
spread  all  over  the  pond.  The  barnacles  (Bcdanua)  were  spread  all  over 
the  sides  right  up  to  the  surface  of  the  water. 

Tlie  row  of  mussels  coincided  with  the  line  that  the  current  flowing  into 
the  tank  takes.  A  wire-netting  screen  inside  the  tank  intercepted  the 
current  to  some  extent,  and  the  mussels  attached  themselves  to  it  in 
quantity.  On  one  occasion  when  the  screen  was  removed  the  ^eater 
part  was  choked  with  a  sheet  of  mussels.  The  mussels  in  the  pond  were 
of  all  sizes  up  to  2|  inches  and  they  were  fat.  Some  baskets  of  them 
were  tried  as  bait  by  the  local  fishermen,  and  they  were  found  to  do  just 
as  well  as  the  mussels  they  were  using. 

Mussels  wer^  found  in  the  upper  reservoir  tank  up  to  a  size  of  1|- 
inch,  and  when  examined  in  November  they  showed  thin,  ill-conditioned 
animals.  This  seems  to  indicate  that  the  water-supply  was  poor  in 
suitable  food,  generally  so  for  part  of  the  year. 

The  pond  itself  would  probably  breed  its  own  supply  of  diatoms  and 
other  food,  and  that  may  account  for  the  fatness  of  the  mussels  there. 

The  water  supplied  to  the  Laboratory  contained,  no  doubt,  at  certain 
times  of  the  year  a  good  supply  of  suitable  food,  but  probably  on  the 
whole  the  quantity  of  food  was  not  abundant  That  will  account  in 
some  measure  for  the  fact  that  the  mussels  grew  so  little.  But  there 
were  other  mechanical  drawbacks.  The  vessels  in  which  the  mussels 
were  kept  soon  had  a  deposit  of  fine  mud  on  the  bottom.  This  was  in 
part  excreta ;  the  mussel  took  in  the  fine  mud  that  entered  in  suspension 
in  the  water  supply,  and  which,  if  not  arrested  by  the  mussel,  would  have 
largely  passed  out  by  the  overflow,  and  excreted  it  in  a  compact  ribbon 
form.  It  was  now  much  heavier,  and  lay  on  the  bottom  close  to  the 
mussel.     This  would  tend  to  arrest  fine  mud. 

When  the  mad  accumulated  to  the  depth  of  possibly  half-an-inch,  the 
mussel  sometimes  moved  about  to  free  itself  from  it.  It  might  simply 
shift  its  position  on  the  bottom,  showing  its  movement  by  the  track  it 
left  in  the  mud,  or  it  might  climb  up  the  side  of  the  veseeL 
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Some  moaseU  taken  off  the  wall  of  the  big  pond  were  put  into  a  fish- 
box,  which  was  sunk  to  the  bottom  near  the  inlet  valve.  The  bunches 
of  mussels  were  clean  when  they  were  put  in.  In  the  Spring  (April), 
after  having  been  in  the  pond  since  the  previous  November,  that  is,  for  a 
period  of  five  mouths,  the  box  was  examined.  The  mussels  were  now 
found  to  be  embedded  in  a  thick  bed  of  slimy  adhesive  mud.  The 
bottom  of  the  pond  had  comparatively  little  mud  on  it  at  that  part.  The 
mussels  had  gradually  collected  the  mud  from  the  water  that  passed 
through  the  box,  and  when  they  passed  it  out  in  the  form  of  excreta  it 
had  been  retained  there.  In  the  bottom  of  the  mud  some  of  the  mussels 
had  been  choked,  the  empty  shells  alone  remaining.  These  hud  been 
bound  by  the  other  mussels  in  the  bunch,  and  had  not  been  able  to  free 
themselves.     Other  individuals  had  grown. 

Some  bunches  of  these  mussels  were  washed  and  put  into  a  floating 
box,  in  which  the  mussels  were  submerged  about  six  inches,  and  were 
three  to  four  feet  above  the  bottom  of  the  pond.  On  July  19,  when  they 
were  examined,  they  were  found  to  have  collected  a  line  greasy  coherent 
mud  in  a  corner  of  the  box  where  there  was  no  opening  in  the  bottom 
to  permit  of  the  excreted  mud  escaping,  as  it  could  do  in  other  parts  of 
the  box.  This  indicates  their  capacity  for  collecting  mud.  The  box  was 
floating  in  a  part  of  the  pond  which  was  shaded  by  the  floor  of  the  tank 
house.  The  mussels  were  judged  by  an  authority  to  be  of  good  quality. 
The  surface  of  the  box  was  thickly  coated  with  barnacles  (BaLanus\ 
especially  on  the  side  facing  the  inlet  of  the  pond. 

In  addition  to  the  accumulation  of  mud,  the  mussels  in  the  aquaria 
in  the  Laboratory  suffered  under  another  unfavourable  condition. 
Being  exposed  to  the  light,  they  were  in  the  summer  months  coated  more 
or  less  with  a  growth  of  filamentous  algse,  which  also  lined  the  interior  of 
the  aquarium.  This  prevented  them  feeding  to  their  full  extent.  Fig. 
56  shows  a  mussel  fully  opened. 

The  mussels  were  in  the  quality  of  their  soft  parts  in  good  condition 
generally,  but  they  had  not  grown.  The  majority  had  survived.  The 
permanent  conditions,  salinity  of  the  water,  and  quantity  of  food  were 
suitable ;  the  latter  was  possibly  not  specially  favourable.  The  local  and 
temporary  condition,  viz.,  accumulation  of  mud  and  algoid  growth,  were 
unfavourable.  They  were  never  left  dry,  so  that  they  had  not  this 
recognised  interference  with  growth  to  contend  with.  The  mussels  were 
put  into  floating  trays  to  escape  the  mud,  but  this  arrangement  intensified, 
if  anything,  the  growth  of  the  algse,  in  that  way  neutralising  the  advan- 
tage accruing  from  the  freedom  from  mud. 

A  sufficiently  strong  current  running  over  the  mussels,  or  a  current 
interrupted  and  reversed,  such  as  is  afforded  by  the  tide,  might  have 
prevented  the  accumulation  of  the  mud.  It  would  also  appear  to  be  an 
advantage  that  the  mussels  be  kept  away  from  a  strong  Ught,  by  being 
well  submerged,  where  these  growths  would  not  develop. 

Feeding. — When  the  apertures  of  a  mussel  are  wide  open  (fig.  56), 
a  large  quantity  of  water  is  taken  in,  and  the  water  issuing  by  the  anal 
siphon  forms  a  very  considerable  current,  as  has  been  noticed  when  the 
mussel  was  near  the  surface. 

When  a  mussel  is  surrounded  by  a  thick  layer  of  mud,  or  with 
filamentous  algas,  it  does  not  open  its  inhalent  aperture  freely,  and 
therefore  cannot  obtain  a  full  supply  of  food.  Even  although  there 
is  a  considerable  quantity  of  mud  in  suspension  in  the  water,  that  does 
not  seem  to  prevent  the  mussel  opening  its  inhalent  aperture  to  the 
fullest  extent.  Diatoms,  foraminifera,  and  spores  have  been  found  in 
the  mud  in  the  aquaria. 
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The  mussel  sometimes  rests  a  long  time  with  the  valves  of  its  shell 
practically  closed,  even  in  clear  water. 

I  made  some  experiments  on  the  behaviour  of  the  mussel  when  exposed 
to  very  muddy  water.  A  mussel  was  left  in  clear  running  water  until  it 
opened  its  apertuies  fully.  A  quantity  of  muddy  water  was  then  poured 
out  close  to  its  siphons  from  a  pipette.  The  fine  mud  entered  by  the 
inhalent  aperture,  and  immediately  thereafter  the  mussel  shut  the  frill  of 
that  part,  and  sometimes  its  exhalent  siphon  and  its  valves.  It  then 
began  at  once  to  expel  the  mud  from  its  branchial  chamber  by  the 
upper  part  of  its  inhalent  aperture,  the  lower  part  of  the  same  being 
meantime  shut  by  means  of  the  frills.  The  mud  came  out  mixed  with 
mucous  in  the  form  of  small  balls  sometimes.  No  mud  is  allowed  to 
remain  in  the  branchial  or  mantle  chamber  of  a  healthy  mussel.  The  mud, 
if  it  eniers  in  suspension,  passes  on  into  the  gut;  if  in  quantity  it  is  excreted 
without  getting  to  the  mouth.  It  is,  therefore,  apparent  that  an  excess 
of  mud  is  not  of  advantage  to  mussels. 

A  situation  where  the  mussels  could  get  diatoms  and  other  micro- 
scopic forms,  larvse,  etc.,  with  as  little  mud  as  possible,  should  be  most 
favourable  for  growth.  It  is  possible  that  they  might  grow  well  sus- 
pended above  a  sandy  bottom.  The  young  attach  themselves  to  wrecks 
and  other  objects  lying  on  a  sandy  beach. 

King  thinks  that  there  is  more  food  for  the  mussel  in  brackish  water 
than  in  sea-water,  and  that  the  brackish  water  promotes  more  rapid 
growth  than  sea- water.  ''Nevertheless,  where  there  is  any  kind  of 
shelter  and  freedom  from  travelling  sand,  mussels  do  very  well  in  their 
native  element.  A  little  sand  or  mud  is  not  of  great  consequence.  The 
mussels  are  able  when  in  a  body  to  raise  themselves  up  through  it,  the 
more  so  when  a  running  stream  is  passiing  over  them." 

Tub  Excreta. — The  excreta  take  the  form  of  a  narrow  ribbon  (fig.  98) ; 
it  is  very  often  discharged  in  small  pieces,  but  on  one  occasion  it  was 
seen  projecting  from  the  exhalent  siphon  as  a  band  4  inches  in  length. 
In  section  it  is  arched,  vide  fig.  97. 

In  a  box  in  which  there  was  only  a  thin  layer  of  mud,  the  mussel  each 
day  had  a  little  heap  of  excreta  lying  near  its  round  end.  Tlie  water 
flowing  through  the  box  was  not  muddy  to  the  eye.  In  the  ribbon  were 
found  the  remains  of  diatoms;  but  it  consisted  mainly  of  mud. 

Sbnsitivbnbbs  to  Shock. — It  was  noticed  on  several  occasions  that 
on  approaching  a  vessel  in  which  there  was  a  mussel  with  its  inhalent 
aperture  widely  open,  it  would  suddenly  shut,  and  close  its  valves  partly; 
after  a  little  it  would  shortly  open  out  again. 

Difference  in  Colour  of  Mantle^  and  Fringe^  and  Siphon, 

In  two  mussels  which  spawned  in  June,  the  fringe  of  the  mantle  was 
darker  in  colour  than  in  some  of  the  other  mussels  near  them. 

One  large  mussel,  a  male,  had  the  inhalent  siphon  and  the  frill  of  the 
inhalent  a  very  dark  purple  colour  (fig.  47). 

In  another,  the  inhalent  siphon  was  dark  at  its  base,  and  had  a  white 
distal  part ;  the  frill  of  the  inhalent  had  a  dark  amber  base  with  a  lighter 
amber  colour  on  the  free  border  (fig.  40).  Another,  which  had  prin- 
cipally an  amber  colour  in  these  parts,  bad  the  whole  of  the  anal  siphon  dark. 

The  frills  are  sometimes  dark  to  the  tip,  sometimes  distinctly  lighter 
th<ire.  The  inhalent  siphons  are  sometimes  tipped  with  white  or  wholly 
white,  amber,  or  purple. 

Some  shelled  mussels  were  examined  in  order  to  see  if  the  difference 
in  colouring  was  sexoal.     But  no  definite  rule  was  made  oat. 
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The  Movement  of  the  Mvssel. 

In  its  larval  stage  stage  the  mussel  floats  about  subject  to  the  drift  of 
the  water,  and  possessing  an  independent  motion  from  itB  own  cilia. 

When  it  sinks  to  the  bottom,  it  travels  about  over  seaweeds  and  stoties, 
by  means  of  its  long  foot,  which  is  ciliated  It  extends  its  foot^  takes  a 
hold  with  the  tip,  and  draws  its  body  up  to  that  position.  It  does  this 
actively  and  moves  at  a  fair  rate. 

It  has  also  the  power  of  attaching  itself  by  means  of  its  byssuB. 
MMntosh  informs  us  that  these  young  mussels,  when  attached  to  zoophytes, 
"  can  detach  themselves  at  will,  and  if  the  water  in  which  they  are  confined 
be  impure,  they  become  restless,  and  soon,  forsaking  the  zoophyte,  swim  to 
the  side  of  the  vessel,  where  they  swarm  at  the  water  line.  In  some 
cases  they  have  been  noticed  to  migrate  merely  from  the  lower  portion  of 
the  zoophyte  to  the  upper  branches,  near  the  surface  of  the  water." 
They  measure  about  f^  to  ^-inch.  Towards  the  end  of  September  many 
minute  mussels,  \  inch  long,  are  found  on  the  bai>es  of  the  zoophytes. 

This  power  of  moving  by  means  of  its  foot  and  of  detaching  itself  the 
mussel  retains  during  its  whole  life.  As  a  rule,  active  continued  move- 
ment of  the  mussel  in  a  line  is  only  noticed  in  the  earliest  bottom  stages. 

Some  mussels  about  1^  inch  in  length,  when  put  on  August  5  into  an 
aquarium,  became  fairly  active.  They  can  move  themselves  along  sharp  end 
first,  leaving  a  trail  like  a  snail  track;  it  is  narrow,  as  is  the  foot  when  ex- 
tended. The  mussel  does  not  need  to  form  byssus  threads  when  it  travels 
on  the  level,  at  this  size  at  least.  It  can  draw  itself  round  by  putting  out 
its  foot  at  right  angles  to  its  long  axis  and  slewing  its  sharp  end.  None 
were  seen  to  go  round  end  first.  One  had  its  foot  straight  out  in  front  of 
the  round  end,  but  no  actual  movement  was  detected  before  the  foot  was 
withdrawn.     Big  mussels  do,  I  think,  move  round  end  first. 

All  mussels  are  anchored  by  means  of  the  threads  which  they  form 
-with  the  foot,  ftnd  they  may  be  held  fast^by  the  threads  of  another,  or  of 
several  mussels.  If  they  wish  to  shift  their  quarters  in  consequence  of 
unfavourable  conditions,  as,  for  example,  the  risk  of  becoming  choked 
with  mud,  the  mussel  may,  without  difficulty,  do  so  if  it  is  not  bound  by 
other  mussels.     In  the  latter  case,  it  may  have  to  stay  and  be  destroyed. 

When  the  mussel  is  not  bound  by  other  mussels,  it  may  break  its 
attachment  in  several  ways.  It  must  first  find  a  solid  object  to  whioh  the 
tip  of  its  foot  may  firmly  adhere.  Then  by  shortening  its  foot  it  throws 
a  strain  on  to  the  byssus.  That  strain  may  result  in  snapping  the  threads, 
or  some  of  them,  upon  which  the  strain  bears,  and  the  mussel  may  be  able 
to  move  a  little  away  while  the  remaining  threads  still  hold  fast.  The 
mussel  may  then  make  new  threads  to  stay  it  on  either  side  in  its  new  posi- 
tion. The  movement  may  have  been  made  in  any  direction,  end  on  or  side- 
ways. From  the  new  position  it  may  drag  itself  along  in  another  direction, 
snapping  some  more  of  the  threads  that  detain  it.  The  discs  of  some  of 
the  threads  may  become  detached  from  the  stone  to  which  they  were  ad- 
hering when  the  strain  was  put  on  them.  On  an  old  byssus  many 
threads  are  found  loose  and  bearing  their  discs.  Finally  the  mussel 
may  cast  off  the  whole  byssus,  when  the  byssus  is  too  strongly  attached 
to  break,  by  tearing  it  out  by  its  root.  So  far  as  my  observations  have 
shown,  the  mussel  after  this  happens  does  not  go  very  far  before  it 
spins  itself  new  byssus  threads.  In  fact,  it  would  appear  simply  to  make 
the  one  step,  and  then  attach  itself  by  one  or  several  threads  put  out 
anteriorly,  posteriorly,  and  across  {vide  fig.  67). 

Two  mussels  were  kept  in  a  box  in  which  the  mud  accumulated.  One 
of  the  mussels  was  observed  after  some  months  to  have  been  shifting  its 
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place,  leaving  a  track  in  the  mud.  When  the  box  was  cleaned  a  track  of 
byssi  on  the  bottom  was  seen,  showing  the  stages  of  its  progression. 
This  track  is  reproduced  in  fig.  67.  Nos.  1-11  indicate  successive 
positions  of  the  mussel  in  its  journey  over  the  bottom  of  the  box.  The 
track  is  reproduced  about  natural  size ;  the  mussel  is  shown  in  natural 
size  in  fig  69.  The  same  two  mussels  were  put  into  a  glass  aquarium, 
and  a  track  was  also  found  on  the  bottom  of  it.  This  is  shown  in 
fig.  68.  The  mussel  had  evidently  proceeded  by  little,  fairly  regular 
stages.  The  length  of  its  stay  at  a  place  is  indicated  by  the  number 
of  byssus  threads  there.  The  shorter  the  stay  the  fewer  the  threads.  In 
some  positions  it  has  apparently  only  formed  one  thread,  and  then  given 
it  up  to  shift  another  stage. 

#  I  have  noticed  a  mussel  move  itself  by  minute  jerks  within  the  limits  of 
movement  permitted  by  the  attached  byssus  threads.  It  is,  of  course,  able 
by  means  of  the  muscles  of  its  byssus  to  throw  a  strain  on  or  slacken 
the  byssus  threads,  independently  of  any  pull  which  it  may  be  making 
with  its  adhering  foot. 

The  mussel  may  remain  months  without  shifting  out  of  the  spot.     Its 
track  is  sometimes  in  a  circle,  coming  back  to  cross  itself. 

Lang  mentions  that  the  mussel  is  able  to  climb  up  a  perpen- 
dicular wall  by  lifting  itself  by  the  foot  and  then  making  a  thread  fast. 
The  thread  may  be  made  while  the  foot  is  in  any  condition  of  extension 
or  contraction;  the  length  of  the  thread  and  its  character  various  with  that 
condition.  From  the  position  thus  secured,  and  suspended  by  the  thread 
now  drawn  tight  by  the  byssus  muscles,  a  further  or  a  side  position  may 
be  got  for  other  threads.  From  this  situation  it  may  then  climb  a 
further  stage. 

A  mussel  formed  a  thread,  that  is,  withdrew  its  foot  and  exposed  a  new 
thread,  at  2  o'clock.  At  2.23  it  was  noticed  that  the  foot  had  been  again 
extruded.  By  2.25  a  new  thread  was  exposed.  It  had  taken  less  than 
25  minutes  to  make  the  thread. 

The  movement  of  the  mussel  was  observed  in  different  boxes  in  which 
mud  accumulated,  and  it  was  also  noticed  in  some  mussels  that  were  on  a 
floating  tray.     The  latter  were  covered  in  part  with  filamentous  alg». 

Figs.  70-80  represent  periodic  drawings  of  a  mussel  and  its  byssus 
threads  from  the  time  it  was  put  into  a  clean  aquarium  by  itself.  The  faeces 
was  kept  clear  of  it  by  being  removed  each  day  for  the  first  mouth  or  so. 
During  the  first  night  it  had  put  its  foot  out  in  every  direction,  and  had 
cleared  away  the  thin  layer  of  mud,  leaving  an  impress  of  the  positions 
that  its  foot  had  taken  up.     It  had  made  only  three  threads. 

Its  changes  in  position  were  watched  from  April  till  July ;  during 
this  time  it  shifted  its  position  sli(;:htly  now  and  then.  It  began  to  move 
in  the  beginning  of  May;  at  the  end  of  the  month  the  excreta  had 
accumulated  near  the  inhalent  aperture  and  the  mussel  had  slewed  round 
to  the  right  to  a  position  at  right  angles  to  its  original  one.  The 
following  day  it  had  gone  back  to  the  left. 

On  June  18  the  mussel  was  now  enveloped  in  a  growth  of  algSB,  and  it 
had  turned  right  round  in  the  same  spot,  after  breaking  some  of  the 
threads.  On  July  4  it  occupied  the  position  shown  in  fig.  80.  It  has 
moved  away  a  little,  having  thrown  off  two  byssi  that  represent  tem- 
porary positions.  On  July  1 1  some  algoid  filaments  were  attached  to  the 
shell  near  the  edge,  and  the  inhalent  aperture  was  only  opened  a  little. 
The  shells  were  separated,  but  the  aperture  was  closed  by  the  frills.  It 
had  broken  free  and  moved  off  a  little  way  by  July  13.  On  July  15  it 
was  over  to  the  right,  having  made  two  small  byssi  tracks,  and  on  the 
following  day  it  was  found  over  to  the  left.     Its  shells  were  hardly  open ; 
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the  algsB  were  tending  to  retain  the  fsBces  in  close  proximity  to  the 
nrnssel. 

Several  of  the  mussels,  though  set  originally  on  the  bottom,  climbed  up 
the  sides. 

Mussels,  if  placed  on  their  back  in  water,  very  soon  turn  back  up, 
usually  within  24  hours.  Some  mussels,  2  j  inches  long,  were  put  on 
the  bottom  of  a  box  filled  with  water,  with  the  hinge  down.  Certain  of 
them  showed  some  activity  in  turning  back  up ;  they  had  done  so  by 
next  day.  They  put  out  the  foot,  round  the  shell  and  down  to  the 
bottom  of  the  box,  and,  taking  hold  with  the  tip  of  the  foot,  they 
pull  themselves  round  till  they  lie  back  up.  One  moved  a  good 
bit  out  of  the  run  of  the  current  which  ran  over  the  bottom  of  the  box. 
Others  attached  themselves  where  they  happened  to  have  been  set  dowif. 
Ou  July  12  one  in  a  glass  aquarium  had  not  yet  succeeded  in  turning 
over.  It  attached  some  threads  to  its  own  shell,  and  a  few  days  later 
some  threads  were  fastened  to  the  bottom.  A  day  or  two  after  it  was 
seen  to  be  back  up.     It  had  been  back  down  for  nine  days. 

Some  mussels  were  put  into  a  box,  and  18  hours  afterwards  they  were 
all  attached  by  byssus  threads.  Another  rose  up  on  end  and  attached 
itself  with  a  large  number  of  threads  in  the  same  time  (fig.  81). 

Mussels  Trying  to  Keep  in  the  Water  by  Slackening  the  Byssus, — Some 
small  mussels,  about  1^  inches  long,  were  attached  up  on  the  side  of  a 
box  filled  with  water.  When  the  water  was  being  let  out  the  mussels, 
as  they  were  being  left  by  the  water,  slackened  their  byssi  (fig.  8*i) 
in  order  to  keep  themselves  in  the  water;  but  when,  having  come  to  the 
end  of  their  tether,  they  found  the  water  still  receding,  they  hauled  in 
again  and  lifted  themselves  up  tight  against  the  side  of  the  box 
(fig.  83 ) 

Movement  of  the  Modiolus  modiolus. — On  March  22  some  Modiolus 
were  put  into  a  tank.  They  were  very  slow  in  attaching  themselves. 
By  April  4th  one  of  them  had  attached  itself  by  some  very  long  threads, 
had  cast  its  byssus  and  re-attached  itself.  Later,  there  were  several  of 
these  cast  byssi,  some  of  them  having  only  a  few  hairs.  The  Modiolus 
therefore  appears  to  behave  exactly  similarly  in  the  matter  of  movement 
to  the  Mytilus  edidis.     It  does  not  appear  to  be  so  active,  however. 


Hie  Anatomy  of  the  Byssus  and  Foot. 

The  most  important  publication  on  the  subject  of  the  byssus  with 
which  I  am  acquainted  is  Tullberg's.  He  gives  drawings  of  sections  of 
the  byssus-pit  and  foot,  and  also  of  the  septa  of  the  pit  and  various 
glandular  elements.  From  Tullberg's  extracts  it  is  clear  that  Miiller's 
theory  regarding  the  mode  of  formation  of  the  byssus  is  wrong, 
in  parts  at  least,  as  Tullberg  maintains.  I  have  not  been  able  to  consult 
Reichel's  paper,  "  Ueber  die  Btldung  des  Byssus  der  Lamellibranchiaten, 
Zod.  Beitrdge,  Schneider.  2  Bd.,  1888." 

Lang  summarises  the  description  thus  : — "  The  byssus  can  generally  be 
thrown  off  or  replaced  by  a  new  one,  and  many  forms  can  move  about  on  a 
smooth  perpendicular  pane  of  glass  by  means  of  alternate  attachment  and 
rejection  of  portions  of  the  byssus  applied  by  means  of  the  foot.  [It  is 
doubtful  if  a  portion  of  the  byssus  can  be  rejected,  unless  merely  the 
snapping  of  threads  is  here  meant  by  the  expression.]  The  byssus  cavity 
is  divided  into  narrow  shelves  by  numerous  folds  which  project  from  each 
side  into  its  lumer.  A  septum  descending  from  its  roof  further  divides 
it  into  two  lateral  parts.     The  byssus  secretion  is  yielded  partly  by  the 
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cells  of  the  epithelial  walls,  partly  by  the  glandular  cells  which  lie  in 
the  surrounding  tissue,  their  ducts  passing  between  the  epithelial  cells. 
The  secretion  takes  the  form  of  the  cavity,  and  is  thus  held  fast  as  with 
roots  by  the  numerous  lamellae  which  occupy  the  shelves.  As  the  amount 
of  the  secretion  in  the  cavity  increases  thes^)  lamellee  are  pressed  into  the 
duct,  where  they  unite  to  form  the  main  stem  of  the  byssus.  When  a 
bivalve  attaches  itself  it  forms  a  bysses  thread  in  the  groove  [of  the  footj 
which  fuses  with  the  end  of  the  main  stem." 

Tullberg  says  that  the  groove  of  the  foot,  the  side  of  the  byssus-pit,  and 
the  vsepta  are  clothed  with  cilia.  These  I  have  not  been  able  to  see. 
Tullberg  throws  doubt  on  Sabatier's  observation  that  the  middle  vessel 
of  the  foot  opened  to  the  exterior  in  the  depression  at  the  end  of  the 
groove.  I  have  been  able  to  confirm  this.  Tullberg  describes  at  length 
and  discusses  the  function  of  the  main  gland-masses  present  in  the  foot. 
The  main  gland  is  white  (yellow  from  outside  the  foot) ;  above  it  there 
is  the  green  (or  purple)  gland,  and  on  either  side  of  the  groove  a  less 
glind  somewhat  similar  to  the  latter.  He  says  that  the  walls  of  the 
byssus  pit  as  well  as  all  their  sheaths  are  principally  formed  of 
connective  tissue,  to  which  the  muscles  which  surround  the  pit  are 
attached.  In  the  connective  tissue,  and  between  adjacent  parts  of  the 
muscle-bunHles,  are  found  glands  similar  in  nature  to  the  white  gland  of 
i\i(\  foot,  although  they  are  separated  a  little  more  from  one  another. 
The  root  of  the  byssus  consists  of  a  multitude  of  thin  structureless 
lamellae,  one  in  each  compartment.  They  can  be  easily  split  into  threads. 
They  are  folded  in  many  plaits,  where  the  byssus  pit  narrows  to  form  a 
neck.  He  divides  the  lamellte  into  primary  and  secondary  lamellae.  The 
septa  in  the  hind  part  of  the  pit  end  sooner  than  in  the  other  parts,  and 
the  lamellae,  according  to  Tullberg,  are  enveloped  by  the  lamellae  from  the 
front  part  of  the  pit,  forming  an  outer  binding  rind  to  the  byssus 
stem.  In  section  this  is  seen  to  be  composed  of  concentric  rings.  Each 
of  the  byssus  threads  is  attached  to  one  of  the  above-mentioned  con- 
centric layers,  and  appears  to  be  formed  simultaneously.  I  do  not  agree 
with  this^  as  is  shown  below.  No  part  of  the  lamellae  takes  part  in  the 
formation  of  the  thread.  Tulll^erg  says  that  the  thread  appears  to 
consist  of  a  quite  homogeneous  substance,  although  in  sections  the  surface 
stains  differently  with  carmine  than  does  the  internal  part.  But  this 
mny  be  due  to  the  outer  surface  having  been  acted  on  by  sea  water,  not 
to  any  dii!erence  in  origin  and  quality.  The  thread  splits  up  into  fine 
threads,  just  as  do  the  lamellae  and  the  stem.  Miiller  had  described 
seven  openings  from  the  foot-gland  into  the  end  depression.  Tullberg 
found  one  only.  I  have  observed  a  number  of  slite  in  the  floor  of 
the  depression,  but  I  did  not  make  out  their  connection  to  any  gland. 
The  lamellae  grow  through  the  flow  of  secretion.  He  says  that  it  is 
possible  that  the  secretion  of  the  green  gland  may  be  used  to  coat  the 
thread  with  a  fine  skin. 

I  have  examined  the  structure  of  the  byssus  and  the  foot.  My 
results  are  in  general  agreement  with  those  of  Tullberg,  except  in  one 
or  two  points.  For  example,  I  do  not  agree  that  there  is  any 
enveloping  rind  to  the  stem  such  as  he  describes.  The  base  of  each 
thread  forms  such  an  envelope,  and,  where  the  threads  have  been  made 
one  after  the  other  in  rapid  succession,  a  thick  rind  is  formed  by 
their  overlapping  bases.  On  those  parts  of  the  stem  where  there  are  no 
hairs  attached  there  is  no  rind. 

I  will  discuss  the  structure  of  the  foot  first,  then  the  byssus-pit  and 
finally  the  thread  and  its  formation. 

Foot  (figs.  3.  43,  45,  60). — The  foot  is  a  brown  or  purple-coloured 
organ.      It  ia  very  muaculari  capable  of  retraction  into  a  small  body, 
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as  is  seen  in  a  dead  mussel,  or  extended  into  a  long  narrow  band, 
as  is  the  case  when  the  animal  is  forming  a  thread  or  dragging  itself 
along  by  means  of  it  (fig.  43).  The  tip  of  the  foot  differs  from  the 
remainder  of  the  organ.  It  is  possessed  of  a  sucker  property  by  which 
it  can  take  firm  hold  of  any  hard  foreign  object.  On  the  under  surface 
of  the  foot  there  is  a  groove  (fig.  42)  continuous  with  the  byssus  pit  (by-p) 
proximally,  and  din  tally  opening  out  into  a  broad  heart-shaped  depres- 
sion (de),  a  little  short  of  the  extremity  of  the  foot  The  tip  of  the 
foot,  that  is,  the  part  including  and  beyond  or  distal  to  this  depression, 
has  the  power  of  making  vermiform  movements,  even  after  the  foot  is 
cut  out  of  the  mussel.  The  whole  of  this  tip,  including  the  depression, 
acts  as  the  sucker.  The  depression  is  simply  a  widening  out  of  the 
groove,  to  vanish  gradually  distally. 

The  groove  (fig.  42)  consists  of  two  cushion-like  lips  (1)  and  a  narrow 
inner  part,  which  is  closed  in  by  the  cushion  lips  to  form  a  tube  in  which 
the  thread  is  moulded. 

The  sides  of  the  groove  and  its  lips  "^are  creuate  and  vertically 
laminate.  When  the  foot  is  contracted  the  groove  is  a  sinuous  line,  but 
the  more  the  foot  is  extended  the  straighter  the  groove  and  the  smoother 
the  sides  become. 

The  foot  is  a  mass  of  muscles  and  glands.  On  the  outside  the  skin  is 
longitudinally  grooved,  and  when  contracted  it  is  circularly  grooved. 
Tic  .nuscles  of  the  foot  enter  it  at  its  distal  end  and  proceed  right  along 
tK«-  foot  to  the  tip,  and  are  inserted  all  along  the  skin  of  the  whole  of  the 
fooL  on  every  side,  in  big  bundles  along  the  upper  side  and  edges,  single 
fibres  into  the  glandular  areas.  The  only  part  where  they  do  not  appear  to 
reach  the  skin  is  the  groove.  They  go  to  the  lips  of  the  groove.  The 
muscles  are  in  bundles  of  various  size,  and  between  the  bundles  there 
are  lacunae,  which  give  in  cross  section  a  spongy  structure,  except  in 
the  glandular  area. 

When  the  under  surface  of  the  foot  is  examined,  it  is  seen  that  a 
yellow-coloured  band  (y-g)  borders  the  groove  on  either  side,  and  is 
continued  light  round  the  byssus-pit  (fig.  45).  This  is  the  series  of 
glands  which  supply  the  secretion  that  forms  the  thread.  There  is  a 
separate  gland  to  supply  the  depression  in  which  the  button  that  attaches 
the  thread  to  a  foreign  body  is  formed.  This  end  gland  (the  purple 
gland)  appears  to  be  different  from  the  other,  but  that  is  possibly  due 
merely  to  it  being  differently  set  in  the  foot  to  supply  this  altered  part  of 
the  groove. 

Transver$e    Section  of  the   Foot,     (Fig.  51 ) 

In  the  transverse  section  there  are  shown  first  the  groove,  its  cushion 
lips,  and  on  either  side  granular  areas,  viz.,  white  glands,  yellow  when 
seen  from  outside  (y-g).  The  remainder  of  the  section  is  taken  up  with 
muscle  bundles  cut  across  (m),  the  so-called  green  (or  purple  violet)  glands 
(p-g)  (fig.  55)  and  the  vessels,  of  which  three  are  prominent — a  median 
(m-v)  and  two  lateral  (1-v). 

The  Skin. — The  skin  forms  a  rind  of  varying  thickness ;  it  \b 
especially  thick  at  the  edge  of  the  foot.  Outside  there  is  a  thin  clear 
layer,  the  cuticle  (ct)  present  all  round  except  in  the  groove  (fig.  54)  \ 
it  is  present  on  the  lips  of  the  same.  Next  that  layer  comes  the  pigment 
layer,  which  is  formed  of  large  columnar  cells  (cl)  containing  more  or  less 
pigment ;  they  are  mottled  with  brown  or  violet  colouring  matter.  The 
columnar  cells  vary  in  size  in  different  parts.  Next  the  columnar  cells 
there  is  a  fairly  thick  layer  consisting  of  what  resembles  circular  muscles. 
On  the  inside  of  the  rind  come  the  longitudinal  muscle  bundles  (m)  that 


of  tfie  Fishery  Board  for  Scotland.  247 

• 

are  inserted  into  the  skin  in  rows,  which,  when  the  skin  is  separated, 
show  as  ridges  (fig.  39).  The  space  between  these  ridges  is  occupied  by 
glands  (g). 

The  large  white  glandular  area  surrounding  the  groove  on  three  sides  is 
that  which  was  indicated  on  the  outside  of  the  foot  by  the  yellow  baud. 
When  cut  into  there  issued  a  copious,  finely  granular  fluid  that  coagulates 
soon.  The  white  gland  is  laminated  in  structure,  although  its  counective 
tissue  seems  practically  solid.  It  teazes  into  stringy  material.  Muscles 
run  longitudinally  through  the  white  gland  (m,  fig.  51).  Next  the  side 
of  the  groove  a  part  of  the  glandular  area  is  distinguished  from  the 
rest  by  a  slight  difference  of  colour.  It  ccmsists  apparently  largely  of 
oblique  muscular  fibres  with  glandular  tissue  (m  and  g).  The  longitu- 
dinal muscles  of  the  foot  give  ofif  fibres  to  the  glandular  area.  The  skin 
at  the  lip  of  the  groove  is  thin  and  is  connected  by  fibres  to  the  white  gland. 

Thb  Muscles.— Between  the  large  glands  and  the  skin  are  the 
longitudinal  muscle  bundles,  inserted  into  the  skin  and  giving  off  fibres  to 
the  glandular  parts.  '1  here  are  also  oblique  muscles  on  either  side  of 
the  lip  of  the  groove  (m  and  g).  Associated  with  them  can  be  seen 
some  violet  pigment. 

The  longitudinal  muscles  consist  of  two  main  median  muscles  and  a 
lateral  on  either  side.  Large  lacunae  are  to  be  seen  opening  between 
the  muscle  bundles.  There  are  glands  associated  with  the  muscle 
bundles  and  fibres 

Thb  Yessbls. — The  median  vessel  occupies  a  position  between  the  two 
median  groups  of  muscles,  and  is  flanked  also  by  the  so-called  green 
glands.  This  vessel  opens  to  the  depression  at  the  end  of  the  groove,  as 
Sabatier  maintained.  It  continues  past  the  opening  for  a' little  distance 
into  the  tip  of  the  foot.  ICach  lateral  vessel  is  associated  with  a  lateral 
muscle. 

Grebn  or  Purple  Gland- — The  green  (or  purple)  gland  is  situated 
above  the  main  glandular  area.  There  are  muscles  in  this  gland.  An 
apparent  vessel  which  was  noted  by  Tullberg  was  also  seen.  It  was 
dark  violet  in  colour,  and  showed  its  centre  a  deep  violet.  The  muscles 
of  the  gland  are  inserted  in  sheaths  into  the  lower  surface  of  the  foot 
beyond  the  white  glands.  This  gland  is  much  bigger  than  the  white 
gland  near  the  end  depression  of  the  groove.  The  glandular  tissue  next 
the  gland  is  mottled  lightly  violet,  and  the  muscle  fibres  have  a  slight 
violet  tinge.     Fig.  55  shows  an  element  of  the  purple  gland. 

The  Groove. — I  found  no  cilia  in  the  groove.  In  the  section  I  saw 
a  hair  sticking  out  from  the  side,  but  it  appeared  to  be  merely  a  thread 
of  the  secretion,  which  had  taken  the  shape  of  the  opening  of  the  duct 
from  which  it  issued.  The  secreting  region  in  section  shows  a  mass  of 
little  tubes  (sees,  fig.  55).     The  cushion  Ups  show  an  outside  cuticle. 

Longitudinal  Section. 

In  longitudinal  section  it  is  seen  that  the  muscles  gradually  taper  from 
the  proximal  part  to  the  distal ;  that  is  due  to  the  fibres  being  gradually 
inserted  into  the  skin. 

The  white  gland  is  seen  to  be  smaller  in  the  proximal  part  than 
dis  tally. 

The  Byseus  PH. 

The  byssus  issues  from  the  proximal  extremity  of  the  groove  in  the 
foot.  If  the  byssus  pit  and  the  foot  be  dissected  away  from  the  remainder 
of  the  mussel  the  relationship  of  the  parts  is  more  readily  seen.  (Figs. 
45  and  60.) 
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The  neck  of  the  pit  grips  the  stem  of  the  byssus  tightly  ;  it  is  formed 
by  the  contiuuation  of  the  side  of  the  groove  of  the  foot.  The  neck  has 
a  soft  collar  which  is  everted  when  a  strong  pull  is  made  on  the  byssus, 
and  which  is  smooth  on  its  inner  surface  (i-c  and  i'c,  fig.  46). 

Muscles. — The  byssus  pit  is  supplied  with  two  sets  of  muscles,  one  set 
arising  near  the  hinge  from  the  surface  of  each  half-8hell.  If  the  two 
sets  of  muscles  be  torn  apart,  and  the  separation  assisted  by  a  knife,  the 
pit  will  be  split  into  halves,  and  so  will  the  byssus  stem  ;  the  pit  is  bi- 
laterally symmetrical  (fig.  63).  One  group  of  muscles  occupies  a  position 
where  it  gives  off  fibres  to  the  outside  of  both  halves  of  the  pit.  Between 
the  muscles  are  crowded  large  masses  of  yellow  glands  (g,  fig.  23). 

^  The  foot  and  the  byssus  pit  are  not  strongly  bound  together,  the  only 
connecting  part  being  the  neck  of  the  pit.  The  neck  does  not  belong  to  the 
pit ;  it  belongs  to  the  foot.  Tiie  relation  of  the  pit  and  the  foot  is  expressed 
thus — that  the  byssus  stem  passes  through  the  groove  of  the  foot  at  its 
proximal  closed  end  (fig.  42). 

Septi. — The  pit  itself  is  roughly  pear-shaped,  the  bysRUs-stem  forming 
the  stalk  (fig.  37).  It  is  divided  vertically  by  thin  septa  into  a  great 
number  of  slit-like  loculi,  set  parallel  with  the  median  vertical  longitudi- 
nal plane  of  the  mussel.  The  septa  are  flat  in  their  greater  extent,  but 
inferiorly  they  are  curved  in  a  slight  spiral  as  they  go  to  join  the  byssus 
stem.  This  condition  is  shown  diagrammatically  in  fig.  95.  When  the 
pit  is  split  into  two  as  above,  some  of  the  septa  are  cut  across.  Elach 
muscle  is  inserted  across  all  the  septa  in  its  own  half  of  the  pit ;  i.e.,  each 
septum  gets  some  strands  of  each  muscle.  , 

A  septum  ^was  dissected  off  (Hg.  34).  It  is  striated  in  texture, 
and  is  transversely  ridged.  The  ridges  are  mostly  developed  on 
the  lower  half  ;  towards  the  upper  limit  they  disappear.  Some  of  the 
fibres  of  the  muscle  on  the  outside  of  the  pit  come  away  with  the  septum  ; 
they  are  straight  and  have  glands  attached  to  them  (g).  The  septum  is 
attached  firmly  to  the  binding  tissue  uniting  the  insertions  of  the  muscles. 
At  one  part  of  the  outside  of  the  pit  the  edges  of  the  septa  are  free. 
The  septum  shows  a  tendency  to  split  along  a  line  between  the  insertion  of 
two  groups  of  muscles.  In  the  upper  narrow  part  of  the  septum  the  ridges 
crossing  obliquely  are  in  connection  with  the  muscles  inserted  on  one  side. 

In  preserved  specimens,  killed  in  formalin,  the  ridgef  are  very  promi- 
nent, the  septum  being  thrown  into  wave-like  section.  When  dissected 
out  of  fresh  specimens  the  septum  is  smooth,  not  ridged.  It  seems  to  be 
muscular.  The  septum  is  coated  on  either  side  by  a  thin  gelatinous  layer 
and  it  ends  inferioily  in  a  clear,  gelatinous,  tapered  tip.  This  tip  teazea 
easily  into  strands.  There  is  no  sharp  dividing  line  between  the  pit 
muscle  and  the  septum.  The  septa  are  simply  external  continuations 
of  the  muscle  fibres.  The  septum  may  thus  be  regarded  as  a  sort  of 
combination  muscle  or  tendon,  formed  out  of  fibres  from  three  main 
groups  of  muscles.     This  is  shown  diagrammatically  in  fig.  86. 

The  septum  itself  shows  numerous  small  glands  (g)  scattered  through 
it.     The  transparent  part  of  the  septum  (tr)  shows  tubes  in  it. 

Film  (figs.  61  and  62). — Each  loculu^  is  occupied  by  a  thin  gelatinous 
film  or  lamella.  It  has  the  size  and  shape  of  the  loculus  and  septum, 
and  it  tapers  away  into  a  thread-like  termination  inferiorly  where,  it 
unites  with  its  fellows  to  form  the  byssus  stem.  Figs.  49  and  85 
exhibit  the  structure  diagrammatically. 

The  film  very  often  comes  away  with  the  septum  when  it  is  dissected 
off,  and  if  the  septa  are  thrown  into  rugae  the  film  is  similarly  rugose ;  it 
is  moulded  between  the  two  adjacent  septa.  Fig.  36  shows  the  longi- 
tudinal section  of  a  ridged  film. 
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It  is  striated  longitudiaally,  aud  splits  up  readily  longitudinally.  It 
extends  right  to  the  limits  of  the  loculus.  It  is  difficult  to  get  the  film 
separated  whole,  as  it  is  so  thin,  and  readily  splits.  Moreover,  it  is 
thrown  into  a  curve  inferiorly,  as  the  loculus  is.  The  top  end  of  the 
film  is  the  thinnest  patt.  That  means  that  the  loculus  is  slightly  wedge- 
shaped.  The  edge  of  the  film  is  all  thready,  as  if  in  separating  it  fibres 
had  been  broken  that  connected  it  to  the  glands  round  the  edge  of  the 
loculus.  The  film  is  lightly  reticulated,  but  the  main  rows  of  stria  run 
longitudinally  with  cross  wrinkles.  The  upper  two-thirds  is  all  punctu- 
ated with  dots,  and  it  is  whitish  to  the  naked  eye,  while  the  lower 
termination  is  clear  and  marked  by  parallel  striation  (fig.  62).  Round 
the  outer  rind  of  the  pit  are  situated  among  the  muscle  fibres,  the  glands 
which  supply  the  secretion  which  forms  the  film. 

When  the  byssus  is  drawn  out  of  a  fresh  mussel  the  films  are  whitish 
and  they  stick  together,  t.6.,  they  are  more  or  less  in  a  plastic  condition. 
In  preserved  mussels  the  film  is  hard,  transparent ;  the  byssus  cannot, 
as  a  rule,  be  drawn  out  of  preserved  mussels.  The  septa  are  contracted 
and  thrown  into  ridges,  which  serve  to  hold  the  films  fast.  In  the  fresh 
mussel  they  often  slide  out  easily. 

The  sheath  of  the  muscle  includes  a  film-like  tissue  resembling  the 
above  film,  and  both  are  probably  derived  from  similar  glands 

A  mussel  which  had  been  opened,  its  adductor  muscle  being  cut,  had  some 
of  the  threads  of  its  byssus  attached  to  its  own  shell.  It  was  seen  to  be 
exerting  a  strain  on  the  byssus.  Part  of  the  white  portion  of  the  stem 
was  drawn  out  of  the  pit,  and  the  inner  soft  collar  of  the  neck  was 
everted.  The  byssus  root  came  gradually  out,  drawing  a  final  thread  of 
adhesive  matter  with  it.  This  thread  was  sticky  and  connected  the 
root  still  to  the  pit.  Under  the  microscope  it  was  seen  to  he  rather 
granular.  The  root  was  bathed  in  a  similar  fiuid.  The  soft  transparent 
films  were  crumpled,  but  not  regularly  cross-barred,  as  in  those  mussels 
killed  in  formaline. 

The  force  exerted  on  the  muscles  and  on  the  pit  when  the  byssus  root 
was  withdrawn  will  cause  a  copious  outflow  of  the  secretion  from  the 
glands  into  the  loculi.  It  will  lubricate  the  films  in  the  passage  out,  and 
fill  the  loculi  with  secretion,  which  will  be  moulded  into  new  films. 

The  films  grow,  and  that  process  seems  to  take  place  as  follows: — 
Round  the  edge  of  the  loculus  the  ducts  pour  out  their  secretion  in  a 
semi-fluid  condition  as  threads.  These  are  moulded  in  the  loculus  into  a 
flat  sheet,  but  the  film  shows  its  thread  formation  even  in  the  hard  con- 
dition. The  growth  of  the  byssus  may  be  due  to  successive  pulls  upon  it, 
which  will  result  in  drawing  out  the  films  a  little,  when  the  secretion 
from  the  glands  will  pour  out  to  a  similar  extent,  so  that  the  threads  which 
form  the  film  retain  their  connection  by  plastic  threads  right  into  the  gland 
ducts.  In  the  loculus  the  film  hardens,  but  does  not  do  so  completely, 
except  at  its  lower  extremity,  when  it  comes  out  into  the  neck  of  the  pit. 

The  films  thus  retain  a  continuous  connection  down  through  the  stem 
df  the  byssus,  aud  also  above  with  the  glands. 

The  gelatinous  termination  of  the  septum  dips  down  between  the 
thread-like  terminations  of  the  films  as  they  leave  the  loculi,  and  in  the  neck 
of  the  pit  the  films  are  moulded  tightly  into  a  rod-like  stem  of  the  byssus. 

It  is  possible  that  there  is  poured  out  from  the  ends  of  the  septa  a 
secretion  that  serves  to  bind  the  films  together  into  the  byssus  steuL 

The  thin  outer  skin  that  clothes  the  septum  on  both  sides  is  in  its 
nature  similar  to  the  fllm.  In  one  case  pieces  of  this  outer  clear  layer 
were  bearing  what  looked  like  little  short  fibrillae. 

I  made  out  no  cilia  on  the  septum,  nor  in  the  neck  of  the  byasus-pit* 
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Bf/88U8  stem. 

The  byseus  stem  is  a  bundle  of  longitudinal  plaited  fibres.  It  is  of 
slightly  greater  diameter  at  the  proximal  end  than  distally.  The  byssus 
stem  grows  independently  of  the  formation  of  the  threads.  The  growth 
may  be  simply  due  to  continued  small  pulls  which  the  muscles 
exert  on  the  byssus  thread. 

When  a  thread  is  being  formed  the  foot  of  the  mussel  is  extended, 
and  its  tip  having  the  depression  is  attached  to  the  object.  In  this 
position  the  groove  is  closed  on  every  side.  The  byssus  stem  passes 
through  it  The  secreting?  surface  of  small  ducts  surrounds  the  stem,  and 
the  secretion  that  is  poured  out  fills  the  groove,  surrounds  the  stem,  and 
fills  up  the  depression.  Now  from  the  short  time  which  is  required  to 
make  a  thread,  it  is  evident  that  some  special  force  is  used  to  drive  the 
secretion  out  until  it  fills  the  whole  groove,  neck  of  pit,  and  depression. 
This  may  be  attained  by  the  distension  with  fluid  of  the  lacunae  between 
the  muscles  in  the  foot.  And  the  internal  pressure  may  be  relieved  by  the 
issue  of  the  fluid  from  the  median  vessel  into  the  depression.  This  vriil 
relieve  the  sucker  and  permit  of  water  getting  into  the  groove  in  the  foot 
The  water  would  tend  to  harden  the  thread.  This  seems  to  me  to  be  modut 
of  the  formation  of  the  thread.  In  some  cases  parts  of  threads  are  found 
in  the  groove  of  the  foot.  Some  sticky  material  that  had  a  thread  for- 
mation was  drawn  out  of  the  depression  at  the  end  of  the  groove,  and  it 
was  connected  by  a  thread  to  what  looked  like  a  pore  at  one  side.  It 
stuck  to  the  glass.  Under  the  microscope  it  was  seen  to  be  formed  of 
longitudinal  fibres  and  moulded  externally  with  a  crenate  edge. 

The  complete  thread  (fig.  53)  is  flattened  laterally  in  its  proximal 
half  and  is  rounder  at  its  distal  half.  It  appears  to  be  made  in  layers 
laid  one  on  top  of  the  other.  The  part  of  the  thread  inside  the  mussel 
remains  pale,  that  outside  grows  yellow  and  finally  black.  Owing  to 
being  flattened  the  thread  shows  a  core  very  distinctly  in  its  proximal 
part.  £ach  layer  is  corrugated  as  it  is  laid  on.  This  layer  formation  is 
probably  due  to  the  distention  of  the  foot  being  exerted  intermittently  at 
short  intervals.  The  external  corrugations  on  the  thread  depend  on  the 
extent  to  which  the  foot  is  extended.  The  thread  is  crossed  by  fine  lines  in 
its  whole  course.  These  probably  represent  rows  of  gland  openings  or  the 
division  between.  I  think  it  is  probable  that  the  secretion  is  pressed 
out  of  the  ducts  in  little  semi-plastic  threads  at  right  angles  into  the 
grooves.  There  they  are  moulded  by  the  sides  of  the  groove,  the  complete 
thread  being  built  up  of  several  layers.  The  buttons  at  the  ends  of  the 
thread  were  seen  in  one  case  to  be  tinged  with  violet. 

The  proximal  end  of  the  thread  is  in  the  form  of  a  ring  round  the 
stem  (fig.  57). 

When  the  threads  have  been  laid  on  in  rapid  succession  a  longitudinal 
section  of  the  stem  there  shows  the  bases  of  the  thread  overlapping 
like  a  series  of  steps  (fig.  ^2).  ^ 

The  threads  may  be  made  so  quickly  one  after  the  other  that  the  bases 
overlap  and  increase  the  thickness  of  the  stem  very  much  (fig.  i5.). 

In  other  cases  the  interval  between  the  formation  of  the  two  threads 
has  been  such  that  the  stem  of  the  byssus  had  grown  in  the  interval 
(fig.  57).  The  attachment  made  by  the  disc  to  a  clear  suHace,  e.g^ 
glass,  is  very  strong  The  foot  of  the  mussel  seems  to  a  certain  extent 
to  clean  the  surface  to  which  the  button  is  to  adhere. 

Occasionally  the  thread  breaks  as  soon  as  it  is  formed;  sometimes 
the  button  alone  is  seen  sticking  to  the  object.  Threads  may  be  broken 
by  the  muscles  putting  too  great  a  pull  on  them.     The  adherent  discs 
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may  loosen  their  holds.  A  byssus  often  contains  many  black  threads 
carrying  their  discs  that  had  been  pulled  away  from  their  points  of 
attachment. 

Finally, uf  the  discs  are  firmly  attached,  aud  they  generally  stick  well 
if  lately  formed,  the  mussel  can,  when  it  desires  to  go,  draw  out  the 
byssus  by  its  roots.  Where  the  stem  grows  much  the  threads  will 
become  so  much  the  longer,  and  the  mussel  may  no  longer  be  able  to  put 
a  tight  strain  on  them.  It  will  then  probably  form  new  threads  upon 
which  it  can  exert  a  strain. 

The  stem  and  the  thread  are  formed  independently  of  one  another. 
The  former  is  composed  of  the  fibres  from  the  byssus  pit,  possibly  glued 
together  by  secretion  from  the  tips  of  the  septa,  while  they  are  moulded 
into  shape  by  the  neck  of  the  pit.  The  mussel  very  often  attaches  some 
of  the  threads  to  its  own  shell  One  advantage  which  this  may  have 
will  be  to  tend  to  lessen  the  rocking  of  the  mussel. 

A  curious  condition  happened  in  the  case  of  one  mussel  It  had 
attached  some  of  its  byssus  threads  to  the  bottom  of  the  tank  and  some 
to  its  own  shell.  It  drew  out  the  byssus  by  its  roots,  and  moved  off, 
but  was  checked  at  a  little  distance  by  the  byssus  thread  attached  to  the 
shell  (fig.  69).  It,  however,  when  found,  bad  formed  new  byssus 
threads  on  its  new  situation.  Later  on  it  snapped  the  threads  that 
detained  it ;  they  were  four  in  number,  and  together  must  have  made 
a  fairly  strong  combination. 

The  Formation  of  a  new  Bysetis  Stem. 

The  rudiment  of  a  new  byssus  stem  is  formed  by  the  old  root  as  it  is 
being  drawn  out.  When  the  films  forming  the  root  slip  out  of  the 
loculi  a  secretion  is  poured  out  by  the  glands  and  this  secretion  accom- 
panies the  film  outside,  and  is  drawn  out  of  the  pit  in  a  thickish  thread. 
The  remains  of  this  may  be  seen  attached  to  cast  byssi.  The  loculi  are 
now  full  of  secretion  that  will  be  moulded  into  films.  And  this  little  thread 
of  secretion  that  is  left  sticking  out  in  the  neck  of  the  byssus  pit,  and 
which  is  continous  with  that  in  the  loculi,  is  sufficient  for  the  mussel  to 
attach  a  thread  to.  It  will  harden  at  once.  This  is  especially  well  seen 
in  the  byssus  tracks  where  the  mussel  has  simply  formed  a  few  threads, 
and  then  cast  its  byssus  completely.  Fig.  50  shows  the  formation  of 
threads  on  a  new  byssus.  Very  soon  the  byssus  grows,  increasing 
rapidly  to  its  normal  thickness. 

The  beginning  of  the  stem  is  shown  at  (b),  and  the  gradual  widening 
in  diameter  is  shown  by  an  optical  section.  The  root  is  marked  thus  (v), 
and  the  threads  by  the  letter  (t). 

The  withdrawal  of  the  films  seems  simply  to  open  the  ducts  of  the 
glands,  and  give  their  secretion  free  exit.  Then  by  filling  the  loculus 
with  secretion  they  seal  themselves. 

Except  for  the  bases  of  the  threads  no  rind  is  found  to  the  stem.  There 
appears  to  be  a  sort  of  outer  skin,  but  it  may  be  simply  the  flattening  of 
plastered  films. 

In  some  cross  sections  of  the  byssus  stem  a  cavity  was  shown  in  the 
centre. 

The  byssus  stem  probably  grows  through  the  strain  put  on  it  by  the 
muscles  drawing  it  out  bit  by  bit. 

Qrowth  of  the  Spout-pish  (Solmi  eUiqua.) 

•  - 

Several  stages  of  the  spout-fish  have  been  kindly  sent  by  Mr.  Wm. 
MacBride,  jr.,  Pimmill.     They  were  collected  on  April  30th. 
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Tbey  are  readily  sorted  into  5  groups,  viz.,  (1)  in  which  the  shells 

measured  in  length  4|,  4|,  and  4J  inches  (figs.  87  and  8b) ;  (2)  having 

shells  5|  and  5|  inches  long  (fig.   89) ;   (3)  6|,   6^,    6|  inches   long 

fig.  90);  (4)  7,  7,  7|,  7|  inches  long  (fig.  91);  (5)  8,  8  inches  long 

(fig.  92). 

Two  pairs  of  shells  showed  a  di£Eerent  breadth  to  practical  equality  of 
length,  e.g.  (a)  6 J  by  1  inches,  6|  by  \^  inches ;  and  (b)  7  by  1  inches, 
and  7^  by  l|  inches. 

A  specimen  of  what  is  probably  Sden  nliqua,  var.  areuata,  measaied 
5f  inches  in  length.  It  is  markedly  curved.  Mr.  MacBride  informs 
me  that  this  form  is  not  got  of  a  larger  size. 

Another  specimen,  measuring  7|  inches,  had  a  slight  bend  on  the 
posterior  end  of  the  shell  It  may  be  a  variety.  It  is  probable  that  the 
samples  given  represent  year  groups ;  but  the  crux  of  the  question  is  in 
deciding  the  age  of  the  first  group.  Mr.  MacBride  regards  the  first  three 
groups  as  represeuting  one,  two,  and  three  years  old  respectively.  It  is 
probable  that  spoutfish  living  in  the  sand  will  grow  fairly  regularly  in 
any  one  locality. 

Except  for  the  age  of  the  first  group,  which  seems  to  me  to  likely 
exceed  one  year,  the  interpretation  of  the  other  groups  as  representatives 
of  consecutive  year-groups  seems  to  be  corroct. 
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EXPLANATION  OF  PLATBS. 

PLATE  XVI. 

Fio.     1.  Two-yean  old  mosael,  St.  Andrews.    March.    Nal.  axe, 

ft      ^'  ft  *t  »»  »»  t*  »» 

„      3.  Mussel  opened  to  show  the  relation  of  the  foot  (f)  and  b^ssas  (by). 

„      4.  Three-years  old  mussel,  St.  Andrews.     March.    Nat.  nze, 

„  6.  Ripe  Effg  of  Faroe  mussel,  Cam,  lue,    Obj.  DD :  Oc.  2,  Zeiss. 

fi  7.  Egg  of  ^uroe  musseL 

,,  8.            ,,                ,f          at  1  p.m.,  June  3rd. 

„  9.  Section  of  byssus-pit  showins  glands  (g). 

„  10.  Eggof  Faroe  mussel  at  10.30  a.m.,  June  4. 

it     **•  i»  i»  >i  »i 

12.  Nearly  ripe  egg  of  mussel,  removed  from  the  mantle.     July  1  . 
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13.  Effg  of  Faroe  mussel  at  10.30  a.m.,  June  4. 
14  and  15.    Egss  at   3  p.m.     June  3.      The  yolk   contents  have  beec 
squeezed  out,  leaving  real  or  apparent  nuclei. 

16.  Unfertilized  egg  of  Faroe  mussel :  Dudding. 

17.  Egg  of  Faroe  mussel  at  1  p.m.,  June  3rd. 
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19.  Enlarged  drawing  of  process  from  the  micropyle  of  the  egg  shown  in 
Fiff.  18. 

20.  Egg  of  Faroe  mussel  at  10.30  a.m. ,  June  4. 

It     ^^'  It  It  It  II 

22. 

It     ^*»  It  II  f  »t 

„    23.  Longitudinal  section  of  byssus-pit  and  foot,  showing  muscles  (m),  glands 
(g)t  septum  (sep),  groove  (gr),  byssus  (by),  foot  (f). 

24.  Sperm  of  musseL 

25.  Egg  of  Faroe  mussel  at  7  p.m.,  June  3. 

26.  Bean-shaped  slow-growing  mussel,  which  had  been  kept  for  two  years 
in  Laooratory.     Side  view.    Nal.  nze, 

27.  Bean-shaped  slow-growing  mussel,  which  had  been  kept  for  two  years 
in  Laoorator}',  view  from  above.    Nat,  size.    Compare  with  Figs.  31 

and  32. 
„    28.  Egg  of  Faroe  mussel  at  3  p.m.    June,  3. 
tt    ^«        tt        It  II  ti  II 
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,,    31.  Broad  mussel  from  pond,  quick-growing,  side  view.     Nat.  size, 
,,    32.  ,,  „  „  view  from  above.     Nat.  eize. 

Compare  with  Figs.  26  and  27. 
„    33.  Shows  the  evertible  inner  collar  (i-c  and  i  'c)  of  the  byssus-pit,  outer  collar 

(o-c),  byssus  (by). 
,,    34.  Septum  from  byssus-pit :  glands  (g).    Cam,  luc.   Obi.  a  and  Oc.  2,  Zeiss. 
„    35.  Egg  of  mussel  nearly  ripe,  July.     Part  of  the  yolk  contents  has  been 

pressed  out.     Nucleus  (u). 
,,    36.  Diagrammatic  longitudinal  section  of  the  f^lm  of  root  of  bysus  of  a 

preserved  mussel. 
,,    37.  Byssus-pit  and  byssus  seen  from  the  side.     The  skin  and  glands  have 

been  dissected  off,  and  the  edges  of  the  septa  exposed,     ^terior  side 

(ant),  posterior  side  (post),  muscle  (m),  septum  (sep). 
,,    38.  Egg  of  F^roe  mussel  at  7  p.m.      It  has  been  burst;   a    "nucleus" 

remains  inside  the  capsule,  and  a  little  collection  of  protoplasm  is 

attached  to  the  outsiae  of  the  zona. 
„    39.  Skin  of  foot  seen  from  inside — showing  the  longitudinal  muscle  strands 

(m),  and  the  slands  (g)  between  them. 
,,    40.  Mussel  which  haa  a  dark  amber-coloured  frill  to  the  inhalent  aperture 

(in),  and  a  white  exhalent  aperture  (ex). 
„    41.  An  apparent  nucleus  formed  bv  the  union  of  clear  protoplasm  and  yolk 

granules,  both  of  which  had  been  pressed  out  of  an  esg. 
„    42.  Groove  of  foot  opened  out  to  show  the  cushion  lips  (T),  byssus  (by), 

byssus-pit  (by-p),  and  depression  at  end  of  the  froave  (de). 
„    43.  Mussel  that  travelled  actively  by  means  of  its  Kx>t  (f)  along  on  the 

level.     Nat,  nxe, 
„     44.  Mussel  (female)  that  spawned.     Nat.  §ne. 
i,    45.  Foot  of  mussel,  showing  yellow  glands  (y-g)  that  border  Iho  groove  in 

its  whole  extent. 
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Fio.  46.  View  of  outside  of  byssus-pit,  showing  the  outer  (oo)  and  inner  oollais 
(i-o  and  i'c). 
„    47.  Mussel  that  had  a  purple-ooloured  frill  to  the  inhalent  aperture  (in), 
and  a  purple-coloured  exhalent  siphon  (ex). 

PLATE   XVn. 

Fio.  48.  Byssus  root  (r),  thread  (t),  shreds  of  secretion  (sh). 
,,    49.  Diagram  of  the  relation  of  septa  (sep)  and  the  films  (f),  root  (r). 
,,    60.  Root  of  a  new  byssus  showing  the  beginning  of  the  byssus-stem  (b)  and 

the  first  threiuls  laid  on  overlapping  one  another.     The  ragged  edgps 

of  the  bases  of  the  first  threads  are  seen  at  (r).      Cam.  htc.      Obj. 

a  and  Oc.  2,  Zeiss. 
„    51.  Transverse  section  of  the  foot  of  the  mussel — gland  (g),  yellow  slaod 

(y-e),  purple  gland  (p-g),  muscle  (m),  lonjg;itudiiial  muscle   (l-m), 

median  vessel  (m-v),  lateral  vessel  (1-v).     (Fig.  55  shows  an  element 

of  the  purple  gland.) 
„    52.  Stem  of  byssus  showing  the  formation  of  nodes  by  the  overlapping  of 

the  bases  of  the  threiuiB  (t),  stem  (st),  root  (r). 
,,    53.  Drawing  of  byssus  thread — base  of  attachment  to  byssus-stem  (b),  disc 

for  attachment  to  foreign  body  (d). 
,,    54.  Transverse  section  of  the  groove  (gr)  of  the  foot — cuticle  (ct),  columnar 

pigmented  cells  (c-1),  purple-coloured  glands  (p*g)«  secreting  surface 

(sec-s),  secretion  (sec).     Cam,  lue.    Apoch.  Ob].  8  mm.,  Oc.  2,  Zeiss. 

55.  Element  of  purple  gland  of  foot.      Vide  Fig.  51. 

56.  Mussel  showing  inhalent  aperture  (in)  and  exhalent  siphon  (ex)  widely 

rn.     May,  1907. 
Byssus-stem  (st)  showing  the  attachment  of  the  bases  of  threads  (t). 
The  bases  overlap  and  are  of  one  size.    The  stem  has  no  rind.     The 
root  has  apparently  brought  away  some  of  tKe  septa  from  the  byssus- 
pit.     Cam.  Inc.     Obj.  a  and  Oc.  2,  Zeiss.     (Another  view  of  this 
byssus-stem  is  shown  in  Fig.  58.) 
,,    59.  Drawing  to  show  the  glands  (g)  which  surround  the  byssus-pity  and  in 
which  the  muscles  (m)  are  embedded — foot  (f). 
60.  Longitudinal  section  through  the  byssus-pit  and  foot  to  show  the  connec- 
tion of  the  median  vessel  (m-v)  with  the  end  depression    of  the 
groove  (gr) — purple  gland  (p-g),  yellow  gland  (y-g),   muscle   (m), 
septum  (sep). 
61  and  62.  Parts  of  film.     Cam,  luc.    Obi.  a  and  Oc.  2,  2Seis8. 
61a.  Egg  of  Faroe  mussel  at  10.90  a.m.,  June  4. 
,,    63.  Byssus-pit  split  longitudinally  to  show  muscles  (m),  gland  (g),  byBsus- 
pit  (oy-p),  groove  (gr),  byssus  stem  (st). 

64.  Diagram  to  show  the  relations  of  the  films  (f)  and  the  tips  of  the 
septa  (sep).  The  tips  of  the  septa  unite  with  the  films,  but  they 
do  not  so  far  into  the  stem. 

65.  Section  of  byssus-pit — position  of  byssus  (by),  collar  of  pit  (c),  groove 
(gr),  film  (f),  septa  (sep),  posterior  deep  groove  (d-gr),  yellow  gland 

(y-g),  glandular  tissue  (g). 
,,    66.  Byssus  pit  laid  open — groove  of  foot  (gr),  byssus  (by),  outer  coUar  (o-c), 
inner  collar  (i-c). 

PLATE  XVIIL 

Fig.  67.  Track  of  mussel — discs  without  hairs  (p). 
II    w.        ,,  ,, 

,,    69.  Mussel  attached  to  glass  by  discarded  byssus. 

PLATE  XIX. 

Fig.  70-80.  Successive  drawings  of  the  same  mussel  to  show  the  formation  of 

byssus-threads— disc  without  a  hair  (p). 
,,    81.  Drawing  of  a  mussel  that  raised  itself  on  end  on  the  bottom  of  a  box, 

and  attached  itself  by  numerous  threads  in  18  hours. 
„    82.  Mussel  with  byssus  slack. 
,,83.        „  „         hauled  tight. 

„    84.  Drawing  of  Faroe  mussel  showing  heap  of  spawn  at  its  round  end — 

spawn  (sp). 


II 


I* 
II 


»i 


II 


PLATE  XX. 

Fig.  85.  Diagrammatic  section  of  byssus-pit  to  show  septa  and  films. 

86.  Diagram  to  show  the  morphology  of  the  septum,  viz.,  that  it  is  formed 
by  the  united  tendons  of  three  sets  of  muscles 
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99. 


Spont-fish  (Sclen  tUiqua),  not.  mt — 4}  x  (   inch,  April  30. 

4«x  tV    ,, 
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Drawing  (natural  sice)  of  a  muasel  that  had  grown  in  the  pond  at 

Bay  of  Nigg.    July  20,  1907.    View  from  above. 
Diagrammatic  median  section  of  the  byssus-pit. 
Side  view  of  mussel  shown  in  fig.  93. 
Drawing  of  excretum  of  musseL 

,,  ,y  ,,        section. 

Drawing  showing  the  cloud  formed  in  tank  by  the  discharge  of  sperms 

by  two  examples  of  the  horse-mussel  {Moaiolua  modiolua). 
Transplanted  mussel.    (St.  Andrews.)    A-B  is  the  size  of  the  original 
seed  ;  B-C  is  the  increase  after  transplanting. 
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v.— REPORT  ON  THE  OPERATIONS  AT  THE  MARINE  FISH 
HATCHERY,  BAY  OF  NIGG,  ABERDEEN,  IN  1906.  By 
Dr.  T.  Weictss  Fulton,  F.R.S.E.,  Scientific  Superintendent. 


In  the  Annual  Report  for  last  year*  an  account  was  given  of  the 
aiTangements  at  the  hatchery  and  the  alterations  which  had  been 
made,  together  with  a  number  of  plates  showing  the  hatchery,  ponds, 
etc.  It  need  only  be  said  here  that  the  adult  plaice  from  which  the 
spawn  is  obtained  are  confined  in  a  large  tidal  pond,  where  they  are 
kept  throughout  the  year  and  fed  on  mussels.  At  the  spawning  season 
the  eggs  are  shed  into  the  water  of  the  pond,  from  which  they  are 
collected  by  a  large  gauze  net  and  transferred  into  the  hatching 
ap{>ai-atus.  They  are  maintained  in  the  apparatus  until  the  young 
hatch  out,  the  length  of  this  period  depending  directly  upon  the 
temperature  of  the  water.  At  the  commencement  of  the  spawning 
season,  when  the  temperatiire  of  the  water  is  low,  the  duration  of  the 
period  of  incubation  is  on  the  average  about  three  weeks ;  at  the  end 
of  the  senson,  when  the  temperature  has  risen  considerably,  it  occupies 
about  a  fortnight.  The  larval  fishes,  after  they  are  hatched  out,  are 
kept  in  the  apparatus  for  several  days,  imtil  the  yolk-sac  is  partly 
absorbed,  and  they  are  then  placed  in  the  sea. 

It  is  estimated  that,  including  both  periods — the  time  of  incubation 
of  the  eggs  and  the  period  duiing  which  the  larvse  are  retained — 
protection  is  conferred  upon  the  eggs  and  larvae  for  about  half  of  the 
time  that  naturally  elapses  from  the  spawning  of  the  eggs  until  the 
complete  transformation  of  the  larval  fish,  when  the  characteristic 
adult  form  and  habit  is  assumed. 

The  success  of  the  hatching  operations  depends  very  largely  upon 
two  circumstances — ^an  adequate  supply  of  eggs  and  a  sufficient  supply 
of  pure  water.  In  order  to  obtain  a  large  supply  of  eggs  it  is  necessary 
that  the  number  of  adult  fishes  in  the  spawning  pond  should  be  lajqge. 
Hitherto  the  method  atdopted  of  obtaining  the  adult  brood  stock  was  as 
follows : — By  the  authority  of  the  Board  a  steam  trawler  was  permitted 
to  trawl  within  the  territorial  waters,  and  more  pai-ticularly  within  the 
Moray  Firth  and  Aberdeen  Bay.  By  an  arrangement  with  the  owners 
of  the  trawler  and  the  skipper  the  hatchery  attendant  accompanied  the 
vessel  on  such  occasions,  taking  with  him  and  fitting  up  on  deck  a 
number  of  large  wooden  tubs,  through  which  a  constant  circulation  of 
sea  water  was  maintained  by  means  of  the  donkey-pump.  Into  these 
tubs  the  plaice  which  were  selected  from  the^catches  brought  on  board 
were  placed,  and  when  the  vessel  returned  to  Aberdeen  they  were 
ti*ansf erred  in  tanks  to  the  hatchery  pond.  The  plaice  required  for  the 
purposes  of  the  hatchery  were  thus  obtained  gratis,  the  rest  of  the 
catch  of  fish  being  the  property  of  the  owners,  and  regarded  by  them 
as  suflicient  compensation  for  their  trouble. 

By  the  method  described  the  stock  of  adult  plaice  at  the  hatchery  has 
been  maintained  since  the  beginning  of  the  work  at  Aberdeen,  for 
although  a  large  proportion  of  the  stock  of  one  season  survives  to  the 
next,  there  is  always  a  considerable  loss  which  requires  to  be  made  up 
each  year.  Unfortunately,  as  mentioned  in  last  Annual  Report,  the 
trawler  which  was  engaged  in  this  work  at  the  beginning  of  December, 
1905,  was  stranded  in  Aberdeen  Bay,  and  owing  to  the  loss  of  life 
occasioned  thereby  the  Board  have  thought  it  right  to  refrain  from 
making  use  of  such  vessels  for  inshore  work.  In  consequence  of  this 
the  stock  was  not  renewed,  and  the  supply  of  spawn,  as  mentioned 
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below,  waa  much  under  the  supply  in  former  years.  Under  present 
circumstances  it  is  not  possible  to  get  supplies  of  living  adult  plaice 
from  the  ordinary  commercial  trawlers  working  in  the  North  Sea.  As 
a  rule  the  quantity  of  plaice  obtained  by  them  from  near  grounds  in 
any  single  voyage  is  small,  and  it  would  requii*e  many  expeditions  to 
obtain  a  sufficient  number  for  the  hatchery ;  and  the  fish  would,  more  • 
over,  have  to  be  purchased  at  their  market  value,  and  the  cost  of  this 
can  scarcely  be  borne  by  the  present  vote  for  scientific  investigations. 
It  is  only  within  the  sandy  bays  near  the  shore  that  large  quantities  of 
plaice  can  be  secured. 

The  eggs  were  first  obsei*ved  in  the  spawning  pond  last  year  at  the 
beginning  of  February,  which  is  later  than  usual,  owing  to  the  smaller 
number  of  adult  fishes  in  the  pond.  The  spawning  gradually  increased 
towat*ds  the  end  of  the  month,  and,  as  usual,  was  greatest  in  March  and 
in  the  early  part  of  April,  declining  towards  the  end  of  the  latter 
month,  and  ceasing  in  the  early  part  of  IViay,  a  few  eggs  being  obtained 
on  the  13th.  The  number  of  eggs  obtained  in  each  of  the  months  was 
estimated  to  be  :— Febraaiy,  796,000  ;  Maich,  3,320,000  ;  April, 
3,290,000 ;  May,  80,000,  making  a  total  of  7,486,000.  In  the  previous 
year  the  estimated  number  was  40,110,000,  so  that  the  decrease,  for  the 
reason  mentioned,  has  been  considerable. 

The  estimated  number  of  fry  which  were  hatched  out  and  put  into 
the  sea  was  4,406,000,  the  death-rate  being  thus  equivalent  to  about  41 
per  cent.,  which  is  unusually  high.  The  principal  cause  of  this  was  the 
impurity  of  the  water  and  a  scarcely  adequate  supply,  especially  towards 
the  end  of  March  and  the  early  part  of  Apiil.  Owing  to  the  stoimy 
weather  there  was  sometimes  difficulty  ni  filtering  the  water  properly ; 
and  it  was  found  that  the  arrangement  of  the  filtering  apparatus  in  the 
re-built  hatchery  was  defective,  and  the  "  head  "  of  water  was  insufficient 
to  furnish  a  plentiful  supply.  The  fry  were  put  into  the  sea  off 
Girdleness  and  Aberdeen  on  five  occasions — in  March,  April,  and  May, 
the  last  lot  being  set  free  on  the  23rd  of  the  latter  month. 

The  temperature  of  the  water  varied  from  1*5  C.  (34*7  F.)  to  10*7  0. 
(51*3  F.)  during  the  hatching  season.  It  was  lowest  in  the  early  part 
of  March.  The  specific  gravity  was  under  27  on  only  six  occasions; 
it  was  usually  about  27-5-27-8,  and  the  lowest  was  26*6. 

The  number  of  the  eggs  of  the  plaice  collected  from  the  spawning 
pond  and  the  number  of  fry  hatched  out  are  as  follows  in  the  different 
years  at  Bay  of  Nigg : — 

Eggs  Collected.  Fry  Hatched. 

1900,  43,290,000  31,305,000 


1901, 

63,370,000 

51,800,000 

1902, 

72,410,000 

55,700,000 

1903, 

65,940,000 

53,600,000 

1904, 

39,600,000 

34,780,000 

1905, 

40,110,000 

15,790,000 

1906, 

7,486,000 

4,406,000 

332,206,000  247,381,000 

It  may  be  mentioned  that  the  expense  in  connection  with  the 
hatching  work  is  comparatively  small,  since  it  is  carried  on  in  con- 
junction with  the  Marine  Laboratory,  and  without  any  additional  staff. 
The  total  expenditure  for  extra  coals,  food  for  the  fishes,  etc.,  is 
estimated  at  under  £80. 

Dunng  the  season  the  hatchery  was  visited  by  delegations  of  fisher- 
men from  the  counties  of  Argyll,  Bute,  Caithness,  and  Elgin,  under 
arrangements  made  with  the  various  County  Councils. 
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Tabu  I. — Showing  the  Daily  Progress  at  the  Hatdiery,  and  the 
TempeifttiiTe  and  Specific  Grmvit;  of  the  Water. 


In  Pond 

IntUlcherj.    | 

D*t*. 

a 

^ 

^,...,^1 

Isctfld. 

more-U 

8p.Gr. 

Cant. 

Fahr. 

Cent. 

fihi. 

F*bruu7     6 
»             * 

ritpoo 

::: 

2-2 
3-« 

3-0 

36-0 

37-4 

37-9 
27  8 
27-8 
27-8 

0 

* 

7,000 

3;6oo 

13,000 

::: 

2-1 

'21 
21 

S-1 

36-B 

SB-S 
3G-S 
37-8 

277 

277 
27-8 
27'« 

2-1 
2S 

358 
37-0 

IS 
1« 
18 

13>*600 
13,000 

::: 

27 
20 
3-2 

se-g 

367 
86-0 

27-7 
277 
377 

sojboo 

loiboo 

8-2 

37-8 

277 

::: 

20 
SI 

33 
34 

io6,'6oo 
iibiboo 

26;6oo 

30 
22 

27 

37-4 

sa-0 

ai'-s 

27  8 
277 
27-8 
27-8 

2^ 

x-a 

2G 
3< 

38 

iTojboo 
n6,6oo 

... 

■2'2 
2-4 

8S^ 
98-3 

27-8 

27-8 

H<uch         1 

) 

* 

leolooo 

m;6oo 

1-8 
1-6 
18 

36-2 
347 
34'd 

27  8 

27-8 
27-8 

i-s 

ii'-t 

aooiboo 

3-2 

37 -8 

277 

::. 

• 

7 

• 

ssoiooo 

426.000 

id;boo 

140,000 

4'0 
4-8 
4-« 
3-6 
3-0 

38-2 
40-3 
40-3 
38-6 
37-4 

276 
27-« 
87-8 
27-6 
277 

6-2 

4H 

11 

IS 

1.             1* 

16 

«o;boo 

480,000 

46;6oo 
86;6oo 

i-B 
1-6 

36-4 
34-S 

27*-fi 

277 

]< 
17 

240,000 

88,000 

2-6 
32 

Sfl'fi 

87-8 

27-6 
27 -a 

,"           l" 

440,000 

37,000 

4^ 

40-1 

27"-« 

21 
23 
23 
2i 

2fl0,000 

40.000 

6«6;boo 

'4-9 
6-2 

4b'8 
41-4 
39-4 

27^5 
27-3 
27'8 

... 

::: 

27 
2S 

400,000 

;:: 

3'fl 
3B 

38'fi 
38-6 

37-2 
27-0 

4-0 

39-3 
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TABLE  h-'continued. 


Dead 
Eggs 

Re- 

In Pond. 

In  Hatchery. 

DaU. 

Col- 

Temperature. 

Tempe 

rature. 

lectad. 

moved 

8p.  Gr. 

Cent 

Fahr. 

Cent 

Fahr. 

March 

29 
SO 
81 

ft  •  • 
■  •  • 
•  •  • 

240,000 

•  •  • 

•  •  « 

40 
6-2 
6-2 

89*2 
41-4 
41-4 

27-0 
27  0 
270 

•  •• 

•  •  ft 
ft  ft  • 

ft  ft  ft 
ft  ft  ft 
ft  ft  ft 

April 

1 
2 
8 

4 
5 

606,000 

4o6iooo 

•  •  • 

•  •  • 

187i600 
626,000 

■  •  • 

6*8 

«  •  • 

60 
6-0 

•  •  • 

42*4 

•  •  • 

42*8 
42-8 

ft  •  ft 

27*0 

•  •  • 

26*8 
27*1 

•  •• 

•  •  • 
ft  •  • 
ft  ft  • 

•  ft  • 

•  •  • 

•  ft  • 

•  •  • 

•  ft  V 

6 
7 

860,000 

200,000 

6-4 

48-6 

27*2 

•  a   • 

ft  ft  • 

8 

9 

10 

286,000 

•  •• 

... 

*  •  ft 

7-4 

•  •  • 

•  •  ft 

46*8 

•  •  • 

27*1 

•  ft  • 

•  ft  ft 

•  1  • 

ft  ft  • 
ft  •• 

ft  ft  • 

11 
12 
18 
14 
15 

100,000 
426,000 

•  • 

•  •  • 

•  •  • 

•  •  « 

•  • « 

•  •  • 

•  •  « 

8-0 
7-8 

•  •  • 

7-8 

•  •  • 

46-4 
46-0 

•  «  ft 

46-0 

•  •  • 

271 
27*2 

•  •  • 

271 

•  ft  • 

•  •  • 

•  ft  • 
«  ft  • 

•  •  • 
>  ft  ft 

ft  ft  ft 
ft  ft  ft 

•  •  • 

18 
17 
18 
19 
20 

180,000 

2o6,'6oo 

220,000 

•  •  • 

i66i6oo 

90,000 

•  ■  • 

8-0 
7-4 

•  •  • 

7-2 

•  • « 

46*4 
46-8 

44''9 

■  •  • 

26*8 
27*0 

ft  •  • 

27  0 

•  •  • 

ft  •  ft 

•  ft  • 
ft  ft  ft 

•  ft* 

•  •  • 

•  •• 
ft  ft  • 
ft  ft  • 

•  ft  • 

21 

•  •  • 

•  •  • 

7-3 

45  1 

27*2 

ft  ft  ft 

ft  ft  • 

22 
28 
24 
26 

446^000 
80,000 

•  a  • 

•  ■  • 
■  •  « 

•  •  • 

•  •  • 

6-7 
61 
61 

•  •  • 

44-1 
48-0 
48-0 

•  •  ft 

27*4 
27*4 
27-5 

•  •  • 

•  •  • 

•  •  ft 

•  •  ft 

■  ft  • 

ft  ft  ft 

•  • 

•  a  ft 

* 

28 
27 
28 

66,000 

•  •  • 

186,000 

•  •  ■ 

6-2 
6-8 

•  ■  • 

482 
44-2 

•  •  ft 

27*4 
27*4 

•  •  ft 

•  ft  ft 

•  ft  • 

•  •• 

*  •  ft 

29 
80 

66,000 

a  a  • 
•  •  • 

•  •  • 

7-6 

•  •  ft 

467 

•  ft  • 

27*4 

•  ft  • 

•  •  • 

ft  ft  ft 

May 

1 
2 
8 
4 
5 

46,000 
26,000 

•  •• 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

7-9 
8-6 
9-8 
91 

•  •  ft 

46-2 
47-5 
487 
48-4 

ft  •  • 

27*6 
27*0 
26*8 
26*8 

ft  ft  ft 

•  •  ft 

■  •  • 

•  ft  ft 
ft  ft  ft 

•   •  • 
ft  •  • 

ft  ft  a 

ft  •  • 
ft  ft  • 

6 

7 

8 

9 

10 

•  •  • 

12,000 

•  •  « 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

206,000 

9-0 

9*6 

107 

9*8 

•  •  • 

48-2 
49*8 
61*8 
49-6 

27*2 
27-4 
27*8 
26*6 

•  •• 

ft  •  • 
ft  ft  ft 

•  ft« 

•  •A 

ft  •  • 

•  ft  • 
ft  ft  ft 

... 

>  ft  • 

•  •  ft 

ToUla, 

11 
12 
18 

»    • 

i'ooo 

•  •  • 

•  •  • 

•  •  • 

9-6 
97 
9-8 

49*8 
49-6 
49*6 

27*8 
27*2 
26*6 

a  •  • 
ft  ft  ft 

ft  ft  ft 

ft  •  • 
•  •• 

7,486,000 

3,080,000 
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VI.— SOME  OBSERVATIONS  ON  THE  FOOD  OF  THE  HERRING. 
By  Thomas  Scott,  LL.D.,  F.L.S.,  Mem.  See.  Zuol.  de  France. 


The  organisms  which  constitute  the  food  of  the  herring — their  ▼arioos 
kinds,  their  distribution,  and  their  influence  on  the  movements  of  the 
fish — have  for  a  long  time  engaged  the  attention  of  students  of  marine 
natural  history,  and  it  is  now  many  years  since  the  Fishery  Board  for 
Scotland  commenced  investigations  into  the  nature  of  the  food  of  the 
herring  and  of  various  other  problems  connected  with  the  herring 
fisheries  of  Scotland. 

In  1885  an  important  paper  on  the  food  of  the  herring  wa«  con- 
tributed to  the  Fourth  Annual  Report  of  the  Fishery  Board  for  Scotland 
by  the  late  George  Brook,  F.LS.,  in  collaboration  with  Mr  W.  L 
Calderwood,  the  present  Inspector  of  Salmon  Fisheries  for  Scotland.  In 
this  paper  the  results  of  the  examination  of  between  fourteen  and  fifteen 
hundred  stomachs  of  herring  containing  food  are  give9  in  detail  in  a 
Table  which  fills  eighteen  pages  of  the  Report. 

The  stomachs  had  been  received  from  various  places  all  round  Scot- 
land, including  the  district  of  Berwick-on-Tweed,  the  Firths  of  Forth  and 
Tay,  Aberdeen,  the  Moray  Firth  District,  Loch  Broom,  West  Ross-shire, 
and  the  Firth  of  Clyde,  including  Loch  Fyne.  All  these  stomachs  were 
such  as  contiined  food  that  could  in  most  cases  be  identified.  Many 
other  stomachs  had  been  examined,  but  as  they  proved  to  be  empty  or 
the  food  they  contained  was  so  disintegrated  by  the  digestive  fluids  as  to 
be  undistinguishable,  they  were  by  the  authors  excluded  from  the 
paper  in  question. 

The  observations  which  follow,  and  which  may  be  considered  as 
supplementary  to  the  paper  by  Brook  and  Calderwood^  describe  the 
results  obtained  from  the  examination  of  fully  five  hundred  herrings' 
stomachs,  selected  from  various  fishing  centres  in  Scotland.  The  Table 
appended  contains  a  summarised  statement  of  the  number  of  stomachs 
and  of  the  dates  when  they  were  examined,  and  also  of  the  localities 
from  whence  they  were  sent* 

Tablk  I. 


Dates  when  the 

stomachs  were 

examined. 


December  1904 
February  1905 
June 


t» 


July 
August 
September 
December 
January  1906 
September  „ 
October  ,, 
November  ,, 
December  ,, 
January  1907 
February 
March 
April 


it 
ft 


»» 


)) 


Number  of 
stomachs 
examined. 


i> 


17 

55 

122 

93 
19 
33 
38 
31 
11 
11 
12 
11 
17 
19 
22 
5 


Localities  whence  the  fish  were  sent. 


Loch  Fyne. 

Loch  P5^e,  Loch  Broom. 

Campbeltown,     Looh     Broom,     Stomoway, 

Anstruther. 
Loch  Fyne,  Campbeltown,  Stomoway. 
Kilbrennan  Sound  (Pimmill). 
Looh  Fyne,  Oorradale. 
Loch  Fyne. 
Campbeltown. 
Loch  Fyne. 
Loch  Fyne. 

Loch  Fyne,  Shethind,  Wiok,  Peterhead. 
Loch  Fyne,  Girvan,  Rothesay. 
Clyde,  Stomoway. 

Campbeltown,  Rothesay,  Stomoway. 
Campbeltown,  Skipnees,  Stomoway. 
Skipness,  Machrie  Bay  (Arran). 


*  (  desire  to  acknowledge  the  aasistance  I  have  reoeiTed  in  this  inquiry  from  my 

ooUesg^e,  Dr.  H.  C.  Williamson. 
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Rather  mora  thko  h&lE  the  number  of  stomkcha  examined  wen  found 
to  be  empty  or  the  food  thej  contained  could  not  be  satisfactorily 
determined ;  fully  forty-five  per  cent,  of  them  were  the  stomachs  of 
female  fiah,  and  hfty-two  per  cent,  males  ;  a  few  had  their  reproductive 
organs  so  immature  that  it  was  considered  doubtful  whether  they  were 
milters  or  spawnera.  Those  found  to  uontuin  food  that  could  be 
identified  numbered  two  hundred  and  forty-three.  Of  these  stomacha 
about  fifty-two  and  a  half  per  cent,  were  those  of  female  fishea,  two  were 
doubtful,  and  the  otheia  those  of  male  fiehea,  as  ehown  in  the  subjoined 
Table. 

Table  IL 

Tabli  showing  the  proportion  of  atomachs  containing  fbod  and  thou 
containing  no  food  that  could  be  identified,  the  proportion  of 
males  to  females,  and  the  uamea  of  the  districts  from  which  they 
were  sent. 


Nkiuea  of  the 

DiBtriOU. 

Stomachs 

StoinitchB 
cunUining 
NoFood!' 

Totals  of 

9  »nd  rf  and  ? 

Total 
Number  of 
theSt-imaohf 
Examined. 

$ 

rf 
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Detoription  of  the  Food  cAitrvtd  in  the  Stomaeha  of  Hmringa  $»ntfrom 
Lock  Fyne,  Uie  Firth  of  Ctj/de,  Loeh  Broo/n,  Stornaway, 
Anelruther,  and  other  placet. 

In  deacribinf;  the  food  observed  in  these  herrings'  stomachs,  the  various 
samples  from  the  same  place  or  district  are  arranged  together  under  the 
name  of  the  district  and  according  to  the  date  ou  which  they  were 
examined,  and  for  convenient  reference  the  names  of  the  districts 
arranged  aa  in  Table  II. 

(1)  LocB  Fm  Hbrrinoh. 

December,  1904. — The  stomachs  of  seventeen  herrings  sent  from  Ixfch 
Fyne  were  examined  at  this  data.  They  all  contained  some  food,  but  it 
was  so  disintegrated  by  the  digestive  fluids  that  only  in  three  example* 
could  the  nature  of  it  be  determined,  and  even  iu  these  to  a  limited 
extent.  The  food  in  these  three  stomachs  appeared  to  consist  exclusively 
of  Schiiopods  belonging  to  the  Euphauaiidn.  Neither  the  species  nr 
genus  could  be  satisfactorily  determined,  but  probably  they  were  all 
yo'ing  yyelipkaitee,  norvegiea  aa  that  apeciea  ie  common  in  Loch  Vyn*. 
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February,  1905. — ^The  stomachs  of  six  herrings  from  a  sample  sent 
from  Loch  Fjne  contained  each  a  considerable  amount  of  Oalatuu 
helffolandicui, 

July,  1905. — No  more  herrings  from  the  Loch  Fyne  district  were 
submitted  for  examination  till  July,  when  the  stomachs  of  twenty-three 
specimens  were  examined.  These  form  part  of  a  sample  captured  about 
the  end  of  April  and  retained  during  the  interval  in  a  cold  storage 
chamber.  All  the  stomachs  contained  food,  and  in  most  of  them  the 
quantity  obeerved  was  considerable,  and  with  two  exceptions  consisted 
entirely  of  Copepoda — Ckdanus  hdgolandieua  being  apparently  the  only 
species  represented.  In  the  two  exceptions  referred  to  the  food 
consisted  of  post-larral  fishes  and  Calanus^  and  my  notes  indicate  that 
the  food  in  these  two  was  more  decomposed  than  in  the  others,  due 
probably  to  the  presence  of  the  young  fishes. 

September  22nd,  1 905. — The  stomachs  of  eight  herrings  were  examined. 
They  were  from  a  siftnple  sent  from  Strachur,  and  captured  two  days 
previously.  Two  of  them  were  considerably  distended,  but  contained  no 
food  ;  three  contained  some  red -coloured  matter,  but  there  was  nothing 
that  could  be  identified ;  ore  was  packed  full  with  Calanut ;  in  the 
other  two  there  was  some  red-coloured  stuff  with  fragments  of  Copepods 
mixed  up  with  it. 

December  1 1th,  1905. — The  stomachs  of  thirty-four  herrings  sent  from 
Loch  Fyne  were  examined.  Sixteen  were  found  to  be  empty,  or  con- 
tained some  red-coloured  matter  probably  derived  from  Calamu^  but  no 
trace,  even  of  their  appendages,  could  be  detected.  All  the  others 
contained  the  remains  of  Galanus,  the  specimens  being  in  a  number  of 
cases  tolerably  whole,  in  others  they  were  more  or  leas  fragmentary. 
There  was  also  present  in  many  of  the  stomachs  a  quanti^  of  .red- 
coloured  oily  matter  derived  probably  from  the  Calanut.  The  fish 
whose  stomachs  contained  food  comprised  6  $  and  12c^,  and  the  others 
7  ?  and  6  cJ. 

January,  1906. — The  stomachs  of  twenty  herrings  sent  from  Strachur 
were,  with  one  exception,  found  to  contain  food,  which  appeared  to 
consist  entirely  of  Calanu$,  Some  of  the  stomachs  contained  a  con- 
siderable quantity  of  food.  The  fishes  comprised  11  $  and  8  <;.  The 
empty  stomach  belonged  to  a  male  fish. 

September  8th,  1906. — Eleven  stomachs  from  Loch  Fyne  herrings 
were  examined  at  this  date.  One  contained  some  food  too  much 
digested  for  identification.  One  contained  Calantu,  Oentropagea  TuinuUuSf 
Metridia  Iticens,  and  young  Euphausiidse.  One  contained  Calanut, 
Centrapagea  hamatusj  Evadne  nordmannii^  and  some  Decapod  larve, 
and  another  contained  a  small  quantity  of  Ckdantu  only.  The  food 
observed  in  five  of  the  others  consisted  entirely  of  Nyetiphanes  norvegiea^ 
while  two  contained  the  remains  of  Euphausiidse  which  probably  also 
belonged  to  Nyetiphanes,  but  they  were  too  much  digested  to  be 
satisfactorily  determined. 

October  12th,  1906. — ^The  eleven  stomachs  of  Loch  Fyne  herrings 
examined  at  this  date  all  contained  food,  in  most  cases  in  considerable 
quantity.  The  sexes  represented  comprised  9  $  and  2  c^.  The  food 
observed  in  two  stomachs  consisted  chiefly  of  Galamis^  but  Gentrop€ige» 
hamaius^  Temora  longxcomia,  Oithona  similiSf  and  Decapod  larvae  were 
also  present.  A  small  quantity  of  food,  apparently  all  Oalanua^  was 
observed  in  another.  A  third  contained  a  moderate  quantity  of  OcUanttB^ 
but  Temora  longieomii  was  also  present.  The  food  observed  in  other 
four  appeared  to  consist  entirely  of  Euphausiids,  and  were  probably  aU 
Nyctiphxnea — at  least  this  was  the  only  species  that  could  be  identified. 
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One  contained  Catantu,  Metridia  luceru,  another  a  small  number  of 
Decapod  larvao,  while  one  contained  the  remains  of  a  considerable 
number  of  Eaphausiidse  (NyMphanes  probably),  and  a  few  post-larval 
fishes  which  appeared  to  be  sand-eels. 

November  9th,  1906. — The  stomachs  of  four  herrings  from  Loch 
Fyne  examined  at  this  date  contained  a  considerable  quantity  of  food 
which  appeared  to  consist  entirely  of  Calanus.  The  fishes  com- 
prised 2  2  and  2  c^. 

December  18th,  1906. — A  small  sample  consisting  of  the  stomachs  of 
three  Loch  Fyue  herrings  (2  $  and  1  c^)  contained  a  small  quantity  of 
food  of  a  semi-fluid  nature,  but  no  trace  of  anything  that  could  be 
identified. 

(2).  The  Clyde. 

June  2nd,  1905. — Examined  the  stomachs  of  twenty-seven  herring  sent 
from  Campbeltown.  One  contained  one  or  two  fish  scales,  another  was 
filled  with  Nyctiphanes,  and  two  contained  some  red- coloured  matter  with 
fragments  of  Calanus  mixed  up  with  it;  the  others  were  either  empty  or 
contained  nothing  that  could  be  identified. 

July  3rd,  1905. — Examined  the  stomachs  of  thirty -six  herrings  also 
from  Campbeltown,  but  only  five  of  them  contained  food  that  c^uld  be 
determined  even  in  a  limited  degree.  These  fishes  had  been  captured  on 
11th  March,  and  kept  in  a  cold  storage  chamber.  In  one  the  food  con- 
sisted of  Annelids  (ChsBtopoda)  and  Amphipoda  (Hyperiidae),  while  the 
other  four  contained  the  remains  of  Crustacea,  apparently  belonging  to 
Calanui. 

August  9th,  1905. — The  stomachs  of  nineteen  herrings  from  Pinimill, 
Kiibrennan  Sound,  were  examined  at  this  date,  but  captured  on  the  26th 
of  the  preceding  month.  Seven  were  empty  or  did  not  contain  anything 
that  could  be  identified.  Ten  contained  food  whicVi  appeared  to  consist 
entirely  of  Schizopods  (Euphausiidse),  probably  all  Nyctiphanes  norvegtca, 
— at  least  those  specimens  that  could  be  satisfactorily  distinguished 
belonged  to  that  species.  In  one  which  contained  only  a  small  quantity 
of  Crustacean  remains,  the  only  species  identified  was  Centropagei 
hamatu$^  while  another  contained  Crustacean  remains  that  could  not  be 
determined  with  certainty. 

September  2nd,  1905. — Twenty-five  stomachs  of  herrings  from  Carra- 
dale  were  examined,  but  they  had  been  captured  on  July  26th.  They  were 
all  empty,  and  many  of  them  were  distended  with  air.  The  fishes  comprised 
14  $  and  11  c^.  In  several  cases  the  stomachs  were  covered  externally 
with  white  clean  fat. 

January  21st,  1906. — Eleven  stomachs  of  herrings  from  Campbeltown 
contained  food  that  consisted  chiefly  of  Nyctiphanes  norvegica^  some 
Calanui  being  also  present.  Most  of  the  stomachs  were  full,  and  some 
were  considerably  distended  by  the  large  quantity  of  food  they  contained. 
Five  of  the  herrings  were  females  and  six  males. 

December,  1906. — No  further  stomachs  of  herrings  from  the  Clyde  were 
submitted  for  examination  till  December,  when  four  from  a  sample 
sent  from  Girvan  and  the  same  number  from  a  sample  from  Rothesay 
were  examined.  Those  from  Girvan  all  contained  food  that  could  be 
identified.  One  contained  a  moderate  quantity  of  food  which  appeared 
to  consist  entirely  of  CalanuB  in  a  fragmentary  condition.  One  contained 
Euphausiidee  very  much  digested,  while  the  food  observed  in  the  other 
two  consisted  of  Euphausiidse  and  Calanus. 

Three  of  those  from  Rothesay  contained  only  a  small  quantity  of  food, 
which  consisted  entirely  of  CcUanus,  and  the  other  was  well  filled  with 
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api>arentl7   the  same  organitms,   but   too    much    decomposed    to   be 
satisfactorily  identified. 

January,  1907. — The  stomachs  of  fifteen  herrings  from  the  Clyde  were 
examined;  they  comprised  small  samples  from  two  or  three  different 
places.  Five  sent  from  Rothesay  contained  food  that  appeared  to  consist 
entirely  of  young  EuphausiidsB,  some  of  which  that  could  be  identified, 
and  probably  the  others  also,  belonged  to  Nyctiphanes  norvegica.  The 
food  observed  in  other  six  stomachs  consisted  of  Cakmus  only,  of  which 
there  were  a  considerable  quantity.  In  other  three  the  food  consisted 
of  CalanuB  (chiefly),  Sagitta  and  young  Euphausiidse,  and  one  was 
distended  with  food  consisting  chiefly  of  Nyctiphanes,  but  some  Oalatnu 
were  also  present. 

February,  1907.— The  number  of  stomachs  from  Clyde  herrings 
examined  in  February  was  thirteen.  Eight  were  from  two  samples  seut 
from  Campbeltown,  and  five  from  a  sample  from  Rothesay.  Four  of  the 
stomachs  from  Campbeltown  herrings  contained  food  that  consisted 
entirely  of  Calanus,  One  contained  a  large  quantity  of  NyeiiphaneM, 
while  the  food  observed  in  the  other  three  consisted  of  Calanus  and 
Nyctiphanes,  The  stomachs  of  the  five  herrings  from  Rothesay  differed 
much  from  those  from  Campbeltown ;  two  were  empty,  two  contained  a 
small  quantity  of  red-coloured  matter,  but  nothing  that  could  be  distin- 
guished, while  the  only  tiling  distinguishable  in  the  other  consisted  of  a 
few  fish  scales. 

March,  1907. — The  stomachs  of  eighteen  herrings  from  the  Clyde  were 
examined  in  March;  they  included  eleven  from  Campbeltown,  four  from 
Skipness,  and  three  from  Girvan.  All  the  stomachs  of  the  Campbeltown 
herrings  contained  food  that  could  be  identified.  In  four  the  food 
appeared  to  consist  entirely  of  Calanus\  other  organisms  may  have  been 
present,  but  the  food  htid  become  so  much  decomposed  that  only  the 
Calanus  could  be  satisfactorily  identified.  The  food  in  one  stomach  con- 
sisted eutirely  of  young  Euphausiidse,  while  the  contents  of  the  other  six 
comprised  Calanus  and  Euphausiidse  in  varying  proportions.  In  three 
cases  the  Euphausiids  present  in  these  stomachs  were  certainly  NycHphanes 
norvegica^  and  probably  all  those  observed  belonged  to  the  same  species. 
Of  the  four  stomachs  from  Skipness  herrings  two  were  empty;  one  con- 
tained a  small  quantity  of  food,  but  it  was  too  much  decomposed  for 
identification,  while  the  other  which  was  tolerably  well  filled  contained 
EuphausiidsB  and  Calanus  in  a  partially  digested  condition.  The  con- 
tents of  one  of  the  stomachs  of  the  Qirvan  herring  consisted  of  Calcoftus, 
Pseudocalanus  elongaius,  young  Euphausiidae,  and  some  fish  eggs.  This 
stomach  was  moderately  well  filled  with  food,  but  the  other  two  were  empty. 

April,  1907. — The  stomachs  of  a  few  herrings  from  Skipneas  and 
Machrie  Bay  (Kilbrennan  Souud)  were  examined — two  from  the  former 
and  three  from  the  latter  place.  Those  from  the  Skipness  herring  con- 
tained so  much  food  as  to  be  somewhat  distended  with  it;  one  was  filled 
for  the  most  part  with  Calanus,  but  three  moderately  large  Nyetiphanes 
were  also  present;  the  other  contained  NycfUiphanes  and  Calanut  in  about 
equal  quantities.  On  the  other  hand,  the  stomachs  of  the  herrings  from 
Machrie  Bay,  though  at  first  sight  apparently  containing  a  moderate 
amount  of  food,  were  found  on  examination  to  consist  only  of  some  red- 
coloured  stuff  that  could  not  be  identified,  though  probably  it  was  part  of 
the  remains  of  some  Calanus. 

(3)  Loch  Bboom. 

February  Ist  and  2nd,  1905.  The  stomachs  of  forty-nine  henringi 
captured  in  Loch  Broom,  West  Ross-shire,  were  examined  in  Febmarj, 
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1905  ;  a  considerable  proportion  of  them  were  entirely  empty,  a  niunber 
of  the  others  contained  some  red-coloured  fluid,  probably  derived  from 
organisms  captured  by  the  fishes,  but  there  was  nothing  that  could  be 
identified.  In  several  instances  the  stomachs  were  distended  with  air, 
the  result  perhaps  of  fermentation.  The  fishes  represented  by  these 
stomachs  comprised  29  9  and  20  cT. 

June  Ist,  1905.— Thirty-six  stomachs  of  herrings  sent  from  Loch  Broom 
were  examined  at  this  (late.  The  results  obtained  resembled  generally 
those  of  the  previous  sample.  A  number  of  the  stomachs  were  found  to 
be  entirely  empty,  and  the  others  contained  some  semi-fluid  matter  usually 
of  a  reddish  colour,  but  no  trace  of  anything  that  could  be  identified 
with  certainty.  In  some  cases,  as  in  the  previous  sample,  the  stomachs 
were  considerably  distended  with  air. 

(4)    Stornowat. 

June,  1905. — The  stomachs  of .  thirteen  herrings,  being  part  of  a  sample 
sent  from  Stomoway  on  May  19,  were  examined  in  June.  They  all 
contained  food  which,  with  one  exception,  consisted  for  the  most  part 
of  post-larval  fishes.  In  the  one  stomach  referred  to,  however,  no  fishes 
were  observed,  but  the  food  consisted  entirely  of  Decapod  larvae,  of  which 
there  were  a  considerable  quantity.  Eight  stomachs  contained  fishes 
only,  while  the  others  contained  both  fishes  and  crustacean  larvsB.  The 
fishes  appeared  to  be  mostly  sand-eels,  but  Clupeoids  may,  in  some  cases, 
have  also  been  present;  the  food,  however,  had  already  undergone 
digestion  to  some  extent,  and  the  species  could  not  in  a  few  examples  be 
satisfactorily  determined.  One  stomach  at  least  was  crammed  full  with 
post-larval  sand-eels,  and  two  others  were  fairly  well  filled  with  the  same 
kind  of  fish.  The  only  other  organism  observed  in  addition  to  the  Deca- 
pod and  fish  larv»  was  a  pingle  specimen  of  Caligtu  rapax.  All  the 
thirteen  herrings  were  females  with  undeveloped  ovaries. 

July  7th,  1905. — The  stomachs  of  thirty-four  herrings  sent  from 
Stomoway  were  examined.  Eight  of  them  were  either  empty  or  contained 
a  small  quantity  of  semi- fluid  matter,  but  nothing  that  could  be  identified. 
The  other  twenty-six  contained  food  which  consisted  for  the  most  part  of 
post-larval  fishes,  chiefly  sand-eels.  In  only  two  examples  were  fish 
remains  apparently  absent,  and  the  food  in  one  of  these  consisted  of  the 
remains  of  Calanoida  and  in  the  other  of  EuphausiidsR,  but  these  organ- 
isms were  so  much  disintegrated  that  the  species  could  not  be  satisfac- 
torily determined. 

Eight  stomachs  were  distended  with  the  large  quantity  of  young  fishes 
they  contained,  while  as  many  more  were  tolerably  well  filled  with  them. 
In  a  few  cases  CcUanus  were  found  in  the  same  stomachs  with  the  fishes. 
Seven  of  the  thirty -four  herrings  were  spawners,  but  there  was  no  indica- 
tion that  difference  in  sex  resulted  in  any  difiference  in  the  nature  or 
quantity  of  the  food  consumed^ 

January  17th,  1907. — The  .«tomachs  of  two  herrings  (J  and  cj) — part  of 
a  sample  from  Stomoway — contained  each  a  small  quantity  of  food 
consisti  ig  of  fragments  of  Schizopods  (EuphausiidsB)  ;  they  were  so 
disintegrated  as  to  be  almost  indistinguishable,  but  the  only  fragments 
that  could  be  identified  with  certainty  belonged  to  Nyciiphanes. 

February  14th,  1907. — Six  herrings  (5  J  and  1  (j),  from  another  sample 
sent  from  Stomoway,  had  all  of  them  food  in  their  stomachs.  Two  were 
tolerably  full,  but  the  quantity  in  the  others  was  small.  One  contained 
post-larval  fishes— -apparently  Clapeoids,  but  the  food  observed  in  the 
others  consisted  only  of  NyctiphaneB, 
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March  16th,  1907.  The  siomacha  of  four  herringB  (3  cf  mud  1  $),  put 
of  a  sample  also  from  Storaoway,  contained  each  a  fair  qaantitj  ol  food. 
In  one,  which  was  tolerahlj  well  filled,  the  food  consisted  putij  of 
Nyctiphanes  and  partly  of  HyperiidsB  (Paraihemisto),  hut  in  the  other 
three  it  consiiited  of  Nyetiphane*  only. 


(5)  Anstrutiiir,  Firth  of  Forth. 

June  6th,  1905. — The  stomachs  of  fifteen  herrings  from  a  sample  sent 
from  Anstruther  were  examined  for  food ;  with  one  exception,  they  were 
all  male  fishes.  Only  three  of  the  stomachs  contained  food ;  all  the  others 
were  empty.  The  food  ohserved  consisted  entirely  of  Paraihemido 
Mi  via.  One  of  the  stomachs  containing  ParathemUio  was  that  of  a 
female  fish. 

June  10th,  1 905. — Twenty-five  stomachs  from  another  sample  of  herringi 
sent  from  Anstruther  were  examined.  Eleven  were  found  to  be  empty, 
and  of  the  others  one  contained  the  remains  of  cmstacea — probably 
fragments  of  Paratfiemisto — but  they  could  not  be  satis&ctorily 
determined.  The  food  observed  in  five  of  the  others  appeared  to  consist 
entirely  of  the  species  of  Amphipod  just  referred  to,  while  that  contained 
in  the  other  eight  stomachs  included  both  Paraihemido  and  Euphansiide. 
These  Schizopods,  though  they  could  not  be  identified  with  absolute 
certainty,  appeared  to  belong  to  Thysanoessa  sp.  Four  of  the 
stomachs  (two  from  female  and  two  from  male  fishes)  were  distended 
with  the  large  amount  of  food  they  contained,  and  which  consisted  of 
Amphipods  and  Schizopods  in  about  equal  proportions. 


(6)  Peterhead,  Wick,  and  Shetlamd. 

November,  1906. — The  stomachs  of  a  few  herrings  representing 
samples  sent  from  Peterhead,  Wick,  and  Shetland,  were  examined  in 
November.  Two,  which  were  those  of  fishes  belonging  to  a  sample  from 
Peterhead,  contained  each  a  tolerable  amount  of  food.  In  the  one  case  it 
consisted  for  the  most  part  of  the  Decapod  larvae  and  in  the  other  of 
Caianus  Iielgolandums, 

Three  stomachs  of  herrings  from  a  sample  sent  from  Wick  were  also 
found  to  be  well  supplied  with  food.  In  two  of  them  the  food  appeared 
to  consist  entirely  of  Metridia  htcens,  and  in  the  other  of  young  fishes 
which  were  too  much  decomposed  to  be  satisfactorily  identified. 

The  remaining  three  stomachs  were  those  of  herrings  from  a  sample 
sent  from  Shetland.  Like  the  others,  they  each  containei^  a  considerable 
amount  of  food,  but  in  this  case  it  consisted  entirely  of  Euphausiidae^ 
but  it  was  not  in  a  condition  to  permit  of  an  exact  determination. 
From  a  careful  examination  of  the  fragments,  however,  I  think  it  highly 
probable  that  they  belong  to  the  geiaus  Thysanoessa, 

I  now  append  in  tabular  form  the  names  of  the  various  oiganisms 
referred  to  in  the  preceding  notes. 


[T. 


of  the  Fishery  Board  for  Scotland. 


267 


Tabli   III. 

list  of  organisms  observed  in  the  preceding  notes  with  the  localities 

where  the  herrings  were  sent  from. 


Names  of  the  Organisms. 

Loch 
Fyne. 

Clyde. 

Loch 
Broom 

Stor- 
noway. 

Anstr. 
uther. 

Peter- 
head. 

Wick. 

Shet- 
land. 

Post-hirval  fishes  — Glupeoids  (?) 

+ 

•  ■  ft 

11  i 

X? 

+  ? 

,,             ,,         Sand-eels  - 

+  ? 

■  •  • 

+  + 

FishegM          .... 
Fish  scales        .        .        .        - 

•  •  • 

+ 

*§■§ 

•  •  • 

•  •  • 

+ 

CO  ^      M 

•  •  • 

Nyctiphanes  norvegica    - 
TThysanoessa,  sp.    - 
Euphausiidie    .... 

+  + 

+  + 

80      m  mm^ 

+ 

•  •  • 

•  •  • 

•  •  • 

+ 

+  +  1 

+  + 

+  + 

+  + 

+  + 

Hyperia  galba  ? 

•  •  • 

+ 

.S  B 1 

•  •  • 

•  •  • 

Parathemisto  oblivia 

•  •  • 

•  •  • 

+ 

+  + 

Evadne  Nordmanni 

+ 

•  •  • 

•  •  • 

Galanus  helgohuidicus     . 

+  + 

+  + 

+ 

+  + 

Pseudocalanus  elongatus 

•  •  • 

+  + 

•  •  • 

Gentropages  hamatos 

+ 

+ 

-ogi 

•  •  • 

Temora  longioomis 

+ 

«  •  • 

Metridia  lucens 

+ 

•  •  • 

+  + 

Oithona  similis 

+ 

i?^5 

■  • 

Caligus  rapax  .        .        .        ■ 

•  •  • 

+ 

Decapod  larvfe 
Annelida — Chietopoda     - 

+ 

+  + 

+  + 

•  •  • 

+ 

•  •  • 

•  •  • 

„           Sagitta  - 

•  •  • 

+  + 

•  •  • 

Note— Tlie  sign  +  indicates  that  the  organism  was  generally  not  rery  plentiful  in  any 
stomach  examined.  4-  +  indicates  that  the  organism  occurred  in  at  least  some  of 
the  stomachs  in  considerable  quantity. 

It  will  be  observed  from  this  Table  and  from  that  in  Brook  and 
Calderwood's  paper  in  the  Fourth  AnnucU  Report  of  the  Fishery  Board 
fw  Scotland^  that  the  food  of  herring  captured  off  the  coasts  of  Scotland 
consists  mainly  of  foar  or  perhaps  five  groups  or  organisms,  viz.,  (Ist) 
Post-larval  fishes,  (2nd)  Amphipoda,  (3rd)  Gopepoda,  (4th)  Schizopoda, 
and  (5)  Decapod  larvsB,  and  a  few  remarks  on  each  of  these  groups  may 
not  be  out  of  place  here. 

1st — Post-larval  fishes.  The  post-larval  fishes  most  frequently 
mentioned  by  Brook  and  Calderwood  are  Clupeoids^hiefly  young 
herrings  and  sprats.  Sand-eels  are  only  recorded  eleven  times,  from 
places  all  on  the  East  Coast,  and  were  from  herring  taken  at  various 
times  during  the  year,  from  January  to  August.  They  occurred  usually 
in  quantity.  In  the  stomachs  examined  for  this  paper,  sand-eels  in 
quantity  were  only  observed  in  herrings  from  Stornoway,  and  a  few 
doubtful  examples  were  noticed  in  Loch  Fyne  herrings.  Glupeoids  were 
seldom  observed  in  the  fishes  examined  for  this  paper. 

2nd — Amphipoda.  The  only  species  of  Amphipoda  that  appear  to  be 
of  much  importance  as  herring  food  belong  to  the  HyperiidsB,  and  those 
that  have  been  most  frequently  recorded  are  Hyperia  galba  and 
Parathemisto  oblivia.  The  first  is  the  form  commonly  mentioned  by 
Brook  and  Galderwood,  but  it  has  been  rarely  met  with  in  the  stomachs 
examined  for  this  paper.  Hyperiidaa  have  been  met  with  in  the 
stomachs  of  herrings  chiefly  from  the  East  Goast  and  during  the  first 
three  and  the  last  months  of  the  year,  but  they  have  also  been  oc<'a- 
sionally  observed  in  June  and  July.  The  authors  referred  to  above  do 
not  appear  to  have  obtained  them  in  the  stomachs  of  any  herrings  from 
the  West  Goast.    They  occurred,  however,  in  March  in  three  stomachs  of 
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herrings  sent  from  Stornaway,  which  i)  a  West  Coast  station  (see  notes 
under  Stomoway).  It  is  an  interesting  question  why  the  Hy|)eriid» 
should  so  frequently  occur  in  the  stomachs  of  East  Coast  herrings  and  bo 
sparingly  in  those  from  the  West  Coast. 

3rd — The  Copepoda.  The  most  important  of  the  Copepod  species  as 
herring  food  is  undoubtedly  CcUantu.  It  will  be  observed  that  the 
name  given  in  my  list  to  this  form  is  Calanus  helgolandieuSf  Glaus,  but 
after  all  it  may  only  be  a  smaller  form  of  Calanua  Jinmarrhieus,  Gunner, 
for,  with  the  exception  of  size,  the  differences  between  them  is  not  very 
marked,  and  a  familiarity  with  the  two  forms  is  necessary  to  enable  one 
to  separate  them — but  this  is  a  question  that  need  not  be  discussed 
here. 

CcUanuB  is  usually  observed  in  greater  quantity  in  stomachs  of  West 
Coast  herrings,  and  especially  of  those  from  the  Clyde  and  Loch  Fyne, 
than  in  those  from  East  Coast  fishes,  and  it  is  noteworthy  that  the  species, 
though  common  enough  in  the  Firth  of  Forth,  appears  to  form  a  very 
small  portion  of  the  food  of  herrings  captured  in  that  estuary.  In  Brook 
and  Calderwood's  paper  Copepoda  are  recorded  on  only  two  occasions 
from  herrings  sent  from  the  Firth  of  Forth,  and  they  were  not  observed 
at  all  in  the  stomachs  of  the  herrings  sent  from  Anstruther  and 
examined  for  this  paper.  Calawua  has  been  obtained  in  the  stomachs  of 
Loch  Fyue  and  Clyde  herrings,  frequently  in  considerable  quantity, 
from  April  till  November,  in  those  from  Stomoway  in  May  and 
June,  and  in  those  from  Shetland  in  April.  Other  sp<H;ies  of  Copepoda  ' 
are  sometimes  observed  in  the  stomachs  of  herrings,  i.e.  Centrqpages 
hamatus  and  tijpicus,  Temora  longicomisy  Metridia  lueens,  Pseudocalanus 
elongattu,  Acartia  sp.  and  Oitliona  similis,  but  seldom  in  any  quantity, 
and  are  only  of  interest  as  bearing  on  the  extensive  bill  of  fare  from 
which  the  herring  may  select  its  food. 

4th — Schizopoda.  All  the  Schizopoda  found  in  the  stomachs  of 
herrings  caught  off  the  Scottish  coasts  are,  with  few  exceptions,  members 
of  the  family  Euphausiidse,  and  belong  to  one  or  other  of  the  three 
genera  NycHphaneSy  Rhoda  (better  known  perhaps  as  Boreophauna)  and 
Thysanoessa.  On  the  other  hand,  Schizopoda  belonging  to  the  family 
Mysidse  such  as  Schistomyns  spiritusy  Norman,  and  Macromyns 
flexuosa  (0.  F.  Miiller),  which  at  times  are  met  with  in  swarms,  and 
other  species  of  less  frequent  occurrence  as  Leptomysu  gracUiSj 
GastrosaccM  tpini/er,  but  which  are  also  widely  diffused  in  bur  coastal 
waters,  are  rarely  observed  amongst  the  food  of  herrings.  The  only 
Schizopod  mentioned  by  Brook  and  Calderwood,  other  than  species 
belonging  to  the  Euphausiidse,  is  a  Sirielkiy  and  it  is  recorded  from 
the  stomach  of  a  herring  from  Tarbert,  Lower  Loch  Fyne.  One  notable 
characteristic  of  the  Euphausiidae  is  that  they  all  possess  phosphorescent 
organs,  which  appear  to  be  entirely  wanting  in  the  Mysidse.  This 
power  of  becoming  luminous  which  the  EuphausiidsB  possess  may  explain 
to  some  extent  why  they  receive  so  much  attention  from  the  fish,  while 
the  others  are  as  seldom  found  in  their  stomachs. 

The  Eiiphausiidae  may  be  considered  as  equal  to  or  even  of  greater 
importance  than  the  Galanoida  as  a  food  supply  for  herring  both  on  the 
East  and  West  Coasts.  Moreover,  they  have  been  observed  in  the 
stomachs  of  herrings  more  or  less  all  through  the  year  from  January  to 
December,  though  they  appear  to  be  more  commonly  met  with  during 
the  earlier  and  later  months  of  the  year. 

The  Schizopod  most  in  evidence,  and  most  frequently  recorded  as 
herring  food,  is  Nydiphanes  noroegica  (M.  Sars),  while  ThyMMoemia  and 
Rhoda  are  only  occasionally  mentioned;  these  two  forms  may,  howeyer. 
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occtir  more  frequently  than  the  records  of  them  would  seem  to  indicate, 
for  it  is  quite  possible  they  may  sometimes  be  included  under  the  more 
general  name  of  £nphausiidse.  The  use  of  this  less  definite  name  is  often 
rendered  necessary  owing  to  the  disentegrated  condition  of  the  food, 
which,  though  perfect  enough  to  show  the  relationship  of  the  organisms 
composing  it  with  the  family  referred  to,  are  too  incomplete  to  permit 
of  the  satisfactory  identification  of  the  species  or  even  of  the  genus 
to  which  they  belong. 

5th — Decapod  larvse.  In  the  observations  on  the  food  of  herrings 
given  under  each  district,  it  will  be  observed  that  Decapod  larvse,  though 
they  may  occasionally  be  found  in  considerable  numbers  in  a  few  of  the 
stomachs  examined,  they  do  not  appear  to  hold  a  very  important  place  in 
the  herrings'  bill  of  fare.  Of  the  stomachs  containing  food  examined  for 
this  paper,  Decapod  larva}  were  observed  in  scarcely  3^  per  cent,  of  them, 
and  the  percentage  of  records  for  these  larval  forms  in  Brook  and 
Calderwood's  paper  was  even  less.  This  infrequency  of  their  occurrence 
in  the  stomachs  of  herrings,  as  compared  with  CcUanus,  can  hardly  be 
ascribed  to  the  rarity  of  these  organisms,  for  at  times  they  are  present  in 
the  sea  in  considerable  numbers,  as  shown  in  plankton  gatherings.  It  has 
to  be  remembered,  however,  that  many  of  these  larvse  are  provided  with 
a  tough  carapace  and  a  spiny  armature  of  a  somewhat  formidable 
character,  which  may  tend  to  make  herrings  reluctant  to  attack  them  if 
other  food  of  a  more  harmless  kind  be  within  reach, 

Some  other  forms,  i.e.,  Paeudocaianus,  Centropages,  Temora,  &c.,  among 
the  Copepoda,  Evadne,  as  representing  the  Cladocera,  SayittUy  and  other 
Annelida,  and  the  eggs  and  scales  of  fishes  have  also  been  recorded,  but 
they  occur  so  very  spaiingly  as  to  suggest  that  their  presence  with  the 
other  organisms  in  the  stomachs  may  be  due  to  their  having  been 
accidentally  captured  by  the  fish  while  in  pursuit  of  other  species. 

In  dealing  with  a  subject  like  this,  it  sometimes  happens  that  a 
question  emerges  which,  though  not  bearing  directly  upon  it,  is  yet  of 
interest  because  of  its  negative  character.  In  studying  the  food  of 
herring  it  soon  becomes  evident  that  Calanus,  for  some  reason,  forms  an 
important  part  of  it,  and  one  likely  reason,  though  it  may  not  be  the  only 
one,  is  that  this  Copepod  abounds  everywhere  throughout  the  wide  area 
where  herring  fisheries  are  carried  on.  It  has  also  been  bhown  that  the 
herring  does  not  gather  its  food  from  the  water  merely  by  using  its 
g^lls  as  a  kind  of  seive,  but  hunts  for  and  captures  the  organisms  it  lives 
on,  and  this  seems  to  indicate  that  the  fish  may  be  able  to  some  extent  to 
discriminate  between  forms  it  prefers  and  those  it  dislikes.  But  though 
it  may  be  able  to  do  so,  it  is  doubtful  if  it  can  distinguish  differences  that 
seperate  closely-allied  species,  as,  for  example,  between  Ccdanus  and 
PeeudoccUanus,  or  between  that  species  and  Temara^  or  Metridia,  except 
that  the  OcUanus  is  larger  than  the  others.  It  is  not  surprising,  therefore, 
to  find  that  while  the  herring  apparently  prefers  CcUanus,  other  species 
should  occasionally  be  present  amongst  its  food,  especially  if  they 
are  moderately  common.  Keeping  this  in  view,  it  is  interesting  to 
note  that  in  the  published  accounts  relating  to  the  food  of  Clyde  and 
Loch  Fyne  herrings  there  is  not,  so  far  as  I  know,  a  single  record  of 
Euehceta  norvegica  having  been  observed  amongst  the  food  contained 
in  their  stomachs.  This  Euckueta  is  now  known  to  be  generally  common 
and  at  times  abundant  in  Loch  Fyne  and  it  is  moderately  frequent 
in  other  portions  of  the  Clyde  area,  but  in  none  of  the  samples  of  Clyde 
herrings  submitted  for  examination  has  Euchaeta  been  observed  as  part 
of  their  food.  No  doubt  this  Calanoid  appears  to  be  a  true  deep-water 
form,  but  it  is  also  occasionally  obtained  amongst  plankton  collected 
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comparatively  near  the  snrface  of  the  water,  and  thus  comes  quite  within 
the  reach  of  the  herrings.  It  is  a  large  species,  much  more  so  than 
CalanuB^  but  not  too  large  for  herring  to  swallow,  seeing  that  the 
Euphausiidse  are  so  frequently  captured  by  them.  The  Euchceiae  are 
also  rich  in  oily  matter,  and  apparently  of  as  much  value  as  Calanus  for 
herring  food,  yet  the  herring  appears  to  reject  them. 

The  stomachs  examined  for  this  paper  number,  as  already  stated,  five 
hundred  and  twelve.  Two  hundred  and  forty-three  contained  food  of  a 
more  or  less  definite  kind,  while  two  hundred  and  sixty-nine  were  empty 
or  their  contents  could  not  be  identified.  Each  of  these  two  groups  com- 
prised a  nearly  equal  number  of  spawners  and  milters.  In  the  first  the 
females  are  rather  in  excess  of  the  males,  while  in  the  other  the  number 
of  males  is  slightly  the  greater,  but  whether  food  was  present  or  absent, 
or  showed  variation  in  its  amount  or  kind,  nothing  was  observed  which 
could  be  ascribed  to  difference  in  the  sex  of  the  fish. 


"Gut-pokb"  in  Herring. 

The  term  "  gut-poke"  in  herring  has  long  been  familiar  to  fishermen  on 
the  West  Coast. 

In  an  interesting  paper  by  the  late  GreorgeBrook,  F.L.S.,  entitled — ''  A 
Report  on  the  Herring  Fishery  of  Loch  Fyne  and  Adjacent  Districts,"*  a 
short  paragraph  is  devoted  to  the  subject  of  gut-poke  in  herring,  and  it  is 
stated  that  aimost  all  the  herrings  in  Loch  Fyne  are  liable  to  the  com- 
plaint, and  that  in  the  month  of  June  the  majority  of  them  were  in  this 
condition  ;  he  also  directs  attention  to  the  deterioration  in  the  market 
value  of  herrings  affected  by  gut-poke. 

In  the  summer  of  1894,  Dr.  Fulton,  the  Scientific  Superintendent  of  the 
Fishery  Board,  desired  me  to  visit  Tarbert  to  make  some  inquiries  into 
the  food  of  herrings,  and  suggested  that  the  question —  "  What  is  gut- 
poke  in  herring  ?"  might  receive  some  attention.  Certain  inquiries  were 
accordingly  made  concerning  this  matter  and  the  results  embodied  in  a 
short  communication  to  Dr.  Fulton,  and  in  the  remarks  which  follow  I 
have  incorporated  some  of  the  results  referred  to  in  that  communication. 
And  I  would  remark,  first,  that  the  term  '*  gut-poke"  is  applied  to  that 
condition  in  herrings  when  their  stomach  and  intestines  are  distended 
with  food  of  a  soft  and  oily  nature,  such  as  GalanuB^  post-larval 
Clupeoids,  and  the  like,  the  quantity  of  food  in  the  stomach  being  so 
great  that  it  passes  into  the  intestines  without  being  properly  digested. 
When  such  herrings  are  captured  decomposition  rapidly  sets  in,  and  they 
soon  become  useless  and  even  dangerous  as  food. 

'*  Gut-poke"  is  not  necessarily  limited  or  peculiar  to  large  or  small 
fishes,  but,  on  the  otlier  hand,  it  seems  to  be  most  frequently  observed  in 
those  with  immature  reproductive  organs.  The  gut-poke  condition  is 
seldom  noticed  in  herrings  which  are  sexually  mature  or  nearly  so.  But 
though  overfeeding  appears  to  be  the  immediate  cause  of  gut -poke, 
herrings  are  frequently  obtained  which  have  a  considerable  amount  of 
food  in  their  stomach  without  the  gut-poke  condition  being  present. 

It  is  doubtful  if  a  really  satisfactory  explanation  can  be  given  about 
the  true  cause  of  gut-poke  in  herrings,  t.e.,  the  reason  why  at  certain 
times  a  seemingly  abnormal  desire  for  food  affects  them,  and  they  feed 
ravenously  till  the  stomach  and  intestines  become  gorged,  but  whatever 
the  cause  may  be  it  is  apparently  only  of  temporary  duration. 

*  Fourth  Annual  Report  qfthe  Fishery  Board  for  Scotland  (1886),  p.  47. 
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When  under  the  iLfluence  of  this  abnormal  craving  the  fish  sometimes 
approach  the  surface  of  the  water  even  during  the  middle  of  the  day,  and 
have  been  observed  bj  fishermen  greedily  feeding  on  insects  (probably 
Copepoda)  and  young  fishes,  and  this  is  confirmed  by  the  fact  that  sevend 
of  the  herrings  I  examined  at  Tarbert  at  the  time  referred  to  had  their 
stomachs  filled  with  young  herring  or  sprats  about  an  inch  and  a  half  in 
length.  This  ravenous  desire  for  food  has  been  ascribed  to  some  disease 
in  the  fish,  but  Mr  Brook  was  inclined  to  doubt  this.  Herrings  which 
are  finest  in  quality  have  usually  their  stomach  and  intestines  almost 
empty  and  their  internal  organs  covered  with  white  healthy  fat. 
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rings taken,  1863-1887,  109. 

statistics  ot    fishermen  since 


1826,27. 


1825,  27. 


statistics  of  fishing  boats  since 


since  1809,  23. 


'.statistics   of    herrings   cured 


Firth    of   Clyde,    statistics    of   herring 

fishery  in,  94. 
Fishermen,      soientific     and     technical 

instruction  to,  7. 
Food  of  herring,  260. 

of  Clyde  herrings,  263. 

of  Firth  of  ForUi  herrings,  266. 

of  Lochbroom  herrings,  26^4. 

of  Lochfyne  hemn^,  261. 

Food-value  of  the  hemng,  east   coast, 

197. 

Oarelogh,  herrinc  fishing  in,  46. 

Oastroaaccus  apintfer^  268. 

Glasgow  district,  catch  of  herrings  within 

limits  of,  186a-1887,  109. 
Greenock    district,    oatoh    of    herrings 

within  limits  of,  186^-1887,  109. 

great  fishing  in,  1868,  42. 

umits  of,  40. 

statistics  of  herring  fishery  in, 

40. 
Growth  of  common  mussel,    221,    233, 

237  ;  horse  mussel,  233. 

of  spout-fish  {8oUn  nliqua),  251. 

"  Gut-poke  *'  in  herring,  270. 

HarritteUa  nmulana,  209,  210. 
Hatchery,  annual  expense  of  iiiAinten- 
ance  of,  257. 

visits  of  fishermen  to,  257. 

Hatching  of  plaice,  256. 
Herring,  chemical  composition  of,  197. 
-  of  "  fulls,"  198,  199, 200, 


202,  204. 


of    '*  maties  **    of    east 


coast,  200,  203,  204,  205,  206. 

of  spents,  201, 203,  205. 


food-value  of  east  ooast,  197. 

food  of,  260. 

food  of,  Clyde,  263. 

food  of.  Firth  of  Forth,  266. 

food  of,  Lochbroom,  264. 

food  of,  Lochfyne,  261. 

food  of,  Stomoway,  265. 

"gut-poke"  in,  270. 

spawning  of,  on  Ayrshire  coast,  47. 

Herring  fishery,  description  of  seine-net, 
16. 

description  of  drift-nets,  17. 

on  Ayrshire   coast,    41,    42, 


45-62. 


in  Ballantime  district,  46. 
in  Campbeltown  distriot,^Q2. 
in  Garelooh,  44,  46. 
in  Greenock  district,  41. 
in  Livenuray  distriotk  76. 
in  Kyles  of  Bute,  33-40. 
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trict,  97. 


Herring  fishery  in  Loch  Long,  34-40. 

-^ in  Loch  Riddon,  .^2-40. 

in  Lochryan,  51-55,  57,  59,  60, 

61. 

in  Loch  Striven,  33-40. 

-  — in  Port  Bannatyne  Bay,  33,  35. 

in  Kothesay  district,  31. 

in  Sound  of  Kilbrennan,  63-76. 

fluctuations  in,  in  Anstruther 

district,  97. 

in,  in  Clyde,  98. 

in,  on  east  coast,  98. 

in,   in   Loch   Carron   dis- 

in,  in  Lochfyne,  98. 
in,  in  Peternead  district, 

in,  on  west  coast,  98. 

influence  of  moon  on  catch  of 

herring* ,  99.        -A 

investigations  in  Clyde  on.  15. 

Fishermen's  Association,  69. 

methods  of  fishing  in  Clyde,  15. 

great  fishing  at  (Jreeuock   in 

1868,  42. 
great  fishing  in  Kyles  of  Bute, 

33,  34,  35,  39,  40. 

penetration  of  upper  reaches  of 

Clyde  by  shoals,  95. 

poor,  in  Lochfyne,  82,  91. 

previous    enquiries   into,    in 


97. 


(vlyde,  17. 

relation  between  the  yield  in 

Campbeltown  and  Liveraray  custrioU, 
93. 

relative    importance    of    the 


different  methods  of  fishing  in  Clyde, 
16,22. 

statistics  of  herrings  cured  in 

Inveraray  district  since  18(S,  25. 

of  herrings  cured  in  Clyde 


since  1809,  23. 

of   herrings    cured    and 

used  fresh  in  Lochfyne,  1844-1862,  25. 
of,  in  Campbeltown  dis- 
trict, 62. 

— of,  in  Clyde,  23,  29. 

— of,  in  Campbeltown  and 

Inveraray  districts,  92. 

of,  in  Greenock  district,  40. 

of,  in  Inveraray  district, 


31. 


76. 

of,  in  Lochfyne,  76. 

of,  in  Rothesay  district, 

of,  in  Upper  Ixx:hfyne,  79. 

ffyperia  uiUba.  2H7. 

iNrLUENCB  of  mvHm  on  catch  of  her- 
rings, 99. 

Inveraray  district,  limits  of,  70. 

catch  of  herrings  within  limits 

of,  1863-1887,  109. 

statistics    of    herrings    cured 

since  1809,  25. 

statistics  of  herring  fishery  in, 

76. 

— statistics   of    fishermen    since 

1825,27. 

statistics  of  fishing  boats  since 

l«26,  27. 


aophmUe  mnuUins,  209. 
-  aophontodtH  typicus^  209,  211. 
eptomysia  gmciluff  268. 
och  Carron  district,  fluctuations  in  her- 
ring fishery  in,  97. 
Lochfyne,  fluctuations  in  herring  fishery 
in,  98. 

poor  herring  fishing  in,  82,  91. 

statistics  offishermen  in,  from  1825, 


statistics  of  herrings  cured  and  used 


fresh,  1844-1862, 

—  statistics  of  herring  fishery  in,  76. 

—  Upper,  decline  in  number  of  fisher- 
men and  boats  in,  28. 

—  statistics  of  herring  fishery  in. 


79. 
Lochryan,    herring    fishing    in,    51-55, 

57-61. 
great  herring  fishing  in,  61. 

Macromt/sis  flexnoaa,  268. 
Metridia,  269. 

Incetis,  262,  263,  266,  267,  268. 

Modioliut  moiliolus.     See  Mussel,  horse. 
Moon,  influence  of,  on  catch  of  herrings, 

99. 
Movements  of  common  mussel,  242. 
Mussel,  common,  age  of,  237. 
anatomy  of  byssus  and  foot, 

244. 


conditions  favourable  and  un- 
favourable to  growth  of,  235. 

development  of    reproductive 


organs  of,  221. 

growth  of,  221,  233.  237. 

mature  eggs  of,  229. 

maturity  of,  228. 

movements  of,  242. 

spawning  of,  229. 


horse  {Modioitis  niodiolus)^  growth 


of,  233. 


spawning  of,  232. 


Mytiliut  edulii    Set  Mussel,  common 

Xogagiut  amhiguuSf  217. 

crancht,  216. 

latusy  216. 

Xotopterophorufi  papUio,  212. 
Nyctiphmwi    norvegica,    261,   263,   264, 
266,  267. 

Oifh&jia  JtimiU^,  269,  267,  268. 

Pandarxia^  216. 

carchariiXf  216. 

Parathtmiato^  266. 

Mivia,  266,  267. 

Peterhead  district,  fluctuations  of  her- 
ring fishery  in,  97. 
Piked  dog-fish  {Sqitaius  acanthius)^  217. 
Plaice,  hatching  of,  256. 
Pseudocalamui^  269. 
elongatxis,  264,  267,  268. 

Rhoda,  268. 

Rothesay    district,    catch    of    herrings 
within  limits  of,  1863-1887,  109. 

—  course  of  herring  fishing  in, 


32. 


limits  of,  31. 
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Rothesay  distriot,  statistios  of  herring 
fishery  in,  31. 

SofUta,  264,  267,  260. 
8chi«tomysis  apiritus,  268. 

Sound  of  Kilbrennan,  herring  fishing  in, 

63-76. 
Spawning  of  common  massel*  229. 

of  horse  mussel,  232. 

of  herrings  on  Ajrrshire  coast,  47. 

Spent  herrings,  chemical  oompoeitioo  of, 

201,  203,  ^. 


gwrtli-!«C 


Spout-fish   (Soim   mkigmai, 

251. 

Squalvs  oeemtiktiis,  217. 
Stomoway  herrings,  food  of,  260. 

TXCHNIGAL  izMtmoliiOB  tofiflMCIIIMI, 

rcmoni,  260, 

longieonUi.  261,  967.  268. 

TkpmimouM,  266, 267,  266* 


West   coast,    fliotaatkii    in 
fishery  on,  06b. 


7.. 


